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ABSTRACT 



A plasma processing system provided with a vacuum cham- 
ber for accommodating a substrate and for generation of 
plasma in a space in the front of the same, an antenna 
provided at the vacuum chamber, and a high frequency 
power source for supplying high frequency power to the 
antenna. The antenna emits high frequency power, generates 
plasma inside the vacuum chamber, and processes the sur- 
face of the substrate by the plasma. In the plasma processing 
system, the antenna has a disk-shaped conductor plate 
having a predetermined thickness. A coaxial waveguide 
having a folded portion is formed around the disk-shaped 
conductor plate. The folded portion of the waveguide is 
provided with a short-circuit 3 dB directional coupler having 
an impedance matching function. The antenna having the 
above structure prevents the generation of a standing wave 
in the high frequency wave propagation path from the high 
frequency power source to the vacuum chamber and gener- 
ates high density plasma by supply of a large power. Due to 
this, processing of a large area substrate becomes possible. 

9 Claims, 7 Drawing Sheets 
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PLASMA PROCESSING SYSTEM ^J^JS£S^£Z£S££. 

BACKGROUND OF THE INVENTION nism 101, discharge gas is introduced into the vacuum 

chamber 102, and a predetermined high frequency power is 
1. Field of the Invention ^ supplied to the slotted antenna 103 by the high frequency 

The present invention relates to a plasma processing p0 wer feed system 105. The introduced discharge gas starts 
system, and more particularly, relates to an antenna supply- to discharge by the high frequency wave emitted from the 
ing a large power and useful for generation of high density electromagnetic wave emitter 103a of the slotted antenna 
plasma without causing any loss and a plasma processing 103 and generates plasma in the space in front of the 
system efficiently generating high density plasma using the substrate 108 in the vacuum chamber 102. The surface of the 
antenna and performing predetermined processing on the substrate 108 is processed by the physical or chemical action 
surface of a substrate. of the generated plasma. For example, if gas having an 

2 Description of the Related Art etching action is introduced as the discharge gas, the surface 

Among the systems for performing predetermined pro- of the substrate 108 * etched. . . 

cessing on the surface of a semiconductor wafer or liquid 1S Note that in the above-mentioned rehted art, an industrial 
crystal substrate (hereinafter referred to as a "substrate") frequency of 2.45 GHz is used as the frequency of the high 
using plasma, plasma enhanced chemical vapor deposition frequency power. Further, the flux density of the magnetic 
(PCVD) and plasma etching systems are widely known. In field generated near the antenna by the magnetic circuit, 
hese plasma processing systems, it is necessary to generate corresponding to the high frequency, is set to be larger than 
high density plasma in order to increase the processing rate. 20 about 875 Gauss so that the frequency of the electron 
In addition, from the viewpoint of preventing impurities, it cyclotron becomes equal to 2.45 GHz. 
is required to form high density plasma by a lower pressure. In the field of art of general antennas for transmitting an 
To generate plasma for the surface processing, from the electromagnetic wave of the ^microwave to the miUimeter 
viewpoint of obtaining high density plasma with a high wave band, conventionally the 
efficacy, a system using me gaseous discharge generated 25 In Japanese Unexamined Patent Publication (Kokai) 
by high frequency power is used. The inventors of the 9-199901 is known. This .folded waveguide was proposed I to 
present patent application have already proposed a plasma solve the problem of the conventional folded waveguide 
processing system of a type supplying a high frequency shown in FIG. 14 of Japanese Unexamined Patent Publica- 
Jawer of 2.45 GHz to a radial slotted antenna connected to tion (Kokai) No. 9-199901, that is, the need for fo— ,rf 
a coaxial high frequency power feed system to generate 30 reflection surfaces of 45 degrees cuts at the top and bottom 
plasma (Japanese Patent No. 8-2534219) and have con- of me folded ends and the attachment of adjustment screws 
firmed that good plasma processing was possible (as for canceling out reflection waves ^1 toe reflection ^ surfaces 
document, see for example N. Sato et al., "Uniform Plasma and the resultant complexly of the confi^rat™ the 
Produced by a Plane Slotted Antenna With Magnets For requirement for high dimensional precision, the h^h cost 
Electron Cyclotron Resonance" for the configuration of a 35 and inability of mass production, the narrow band of the 
plasma processing system using a slotted antenna shown in frequency characteristics and the troublesome adjustment 
fhe above document This plasma processing system has a work. Therefore, the folded ^^P^ Q ^ 
vacuum chamber 102 provided with an evacuating mecha- Unexamined Patent Publication (Kokai) No. 9-199901 is 
nism 101 and generating a discharge inside for generation of characterized, as defined for example in claim 1 and claim 
plasma, an antenna device 104 arranged on the upper section 40 2 by setting an <<h» ^satisfying P^«nmcd <™*^ 
of the vacuum chamber 102 and provided with a slotted the dimensions axh (shown in FIG. 1) of the opening 
antenna 103, a high frequency wet-feed system 105 for window of the 180 degrees folded portion 
feeding high frequency power to the slotted antenna 103, a In general the substrates processed by plasma processing 

discharge gas introduction mechanism 105 for introducing a systems have become larger in size in recent years. In tne 
discharge gas into the vacuum chamber 102, and a substrate 45 process of production of an LSI by processing of a silicon 
holder 107 arranged at a lower position inside the vacuum substrate, it is necessary to fabricate a large number ol 
chamber 102 A substrate 108 is loaded on the substrate devices from a single substrate, so the size of substrates have 
holder 107 as an object to be processed. The shape of the become larger. Therefore, the above-mentioned plasma pro- 
slots (or slits) formed in the slotted antenna 103 is explained cessing systems have been required to be increased in the 
in detail in the above-mentioned patent specification or 50 power of the high frequency wave supplied in 1 order to make 
document The slotted antenna 103 is actually provided with the area of the plasma generation region (area ot plane 
a magnetic circuit formed by permanent magnets etc. for parallel to the substrate) larger and to make the plasma 
generating a magnetic field near the electromagnetic wave density higher for increasing the processing rate, 
emitter 103a, but in FIG. 9, its illustration is omitted. The antenna device 104 comprised of the above slotted 
Further, as a result of the addition of the magnetic circuit, the 55 antenna 103 is predicated on the processing of a substrate of 
slotted antenna 103 originally to be produced as the disk- a diameter of about 200 mm using plasma of a density of 
shaped conductor plate is actually produced as a conductor 10 11 cm" 3 or so generated by the supply of a high frequency 
having a predetermined thickness being able to house a po wer of about 1 kW. Therefore, it is not possible to supply 
magnetic circuit. In FIG. 9, however, for convenience of a large power high frequency wave outside of this assump- 
explanation, it is shown as a plate material. The high 60 uot i and therefore not possible to generate high density 
frequency power feed system 104 supplying the high fre- plasma suited to the processing of a large area substrate. The 
quency power is comprised of a high frequency power reason why a large power high frequency wave cannot be 
source 111, a stub tuner 112, a coaxial waveguide converter supplied is that a standing wave is generated due to the 
113 a coaxial line 114, and a coaxial vacuum window 115. mismatch of the impedance at the high frequency wave 
The substrate 108 loaded on the substrate holder 107 is 65 propagation path formed in the slotted antenna 103 and 
arranged to face the electromagnetic wave emitter 103a in therefore a locally strong electrical field is generated and 
the slotted antenna 103. causes insulation breakdown. Further, the electrical field 
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la this slotted antenna, it is generally impossible to avoid 5 provided in the vacuum chamber and a nigb frequency 

mismatch of impedance arising due to the discontinuity in power source for supplying high frequency power to the 

the shape of the high frequency wave propagation path. antenna. The antenna supplied with the high frequency 

Further according to the technology disclosed in Japanese power from the high frequency power source emits the high 

Unexamined Patent Publication (Kokai) No. 9-199901 frequency power to cause generation of plasma in the space 

explained above, it is made possible to match the impedance 1Q m the vacuum chamber. The plasma is used to perform 

without adjustment in the folded waveguide of a low loss predetermined processing of the surface of the substrate, 

transmission line of an electromagnetic wave of the micro- Furme r, in the plasma processing system, the antenna has a 

wave to the millimeter wave band and thereby eliminate the disk-shaped conductor having a predetermined thickness 

reflection wave and thus eliminate the standing wave. This ^ an e i ectromagne tic emitter facing the substrate. It is 

technology, however, is limited to a folded waveguide ^ connected to the hlgo frequency power source by a coaxial 

comprised of the wide area surface of a rectangular ^ ^ ^ ^^haped conductor is connected to an 

waveguide folded substantially 180 degrees. When the conductor of the coaxia i ^ at its center point. A 

width of the wide area surface is made "a" and the width ot ide of a ^^al type arranged symmetrically with 

the narrow wall surface is «b", these dimensions a and lb * amJ ided ^ a folded portion 

pKion aUudes to a folded radial waveguide (circular directional coupler for impedance matching, 

waveguide) in its eighth embodiment (FIG. 12 and para- The above-mentioned plasma processing system has a 
eraph 0049 etc ) and claims 12 and 13 as a modification of 25 ra dial waveguide including the disk-shaped conductor nav- 

a folded waveguide. In this case, the folded radial ing the predetermined thickness due to housing a magnetic 

waveguide uses 2jct (V being the distance from the center circuit and including the folded portion around it. The high 

of the radial waveguide 61 to the center position of the frequency power supplied from the top side of the disk- 

openine of the folded waveguide 64) as the value corre- sna ped conductor is propagated to the electromagnetic wave 
sponding to the width "a" of the wide area surface. It is 30 emitter at the bottom side through the radial waveguide and 

possible to realize a plane array antenna using the folded fc emitted from the electromagnetic wave emitter to the 

radial waveguide, but this is only a modification of the spa ce mside the vacuum chamber. In the antenna havmg this 

folded waveguide satisfying the predetermined conditions in structure, the waveguide is given the structure of a short- 

the end circuit 3 dB directional coupler. This is used for impedance 

Id particular, in an antenna used in the above plasma 35 matching to prevent generation of a standing wave, 

processing system, since a magnetic circuit is provided for Among antennas for supply of the high frequency power 

forming a magnetic field of a predetermined distribution in used in plasma processing systems, there has never before 

the plasma generation space, in actuality a space for accom- beerl an antenna having a disk-shaped conductor having a 

modating the magnetic circuit is provided and a disk-shaped predetermined thickness which can perform impedance 
conductor having a predetermined thickness is used. When 40 match j ng . According to the present invention, structure 

using the antenna comprised of the disk-shaped conductor enabling impedance matching is realized by this new 

having the above thickness to supply a high frequency antenna design technique. 

power into the vacuum chamber for the processing of the Iq ^ plasma proce ssing system according to the present 
substrate, it is extremely difficult to have the most suitable invention, preferably the structure of a short-circuit 3 dB 
impedance matching. For the impedance matching and 45 directional coup i cr i s obtained by forming a step difference 
efficient propagation of a high frequency wave without ^ one Qr both of the top sur f ace and bottom surface of the - 
causing a standing wave, a new concept of antenna design disk _ saa ped conductor The disk-shaped conductor having a 
suitable for the type and structure of the antenna is required. three-dimensional shape forms a waveguide with the exter- 
SUMMARY OF THE INVENTION nal chamber. The antenna is provided at, for example, the top 
Pt . t . • t maW imnrnve of the vacuum chamberused as the processing chamber. The 
An object of the present invention is to make improve- fo^ncy propagation conditions of the waveguide 
ments to the structure of a plasma generation antenna * H ^ fe ^ formation of 
comprised mainly of a disk-shaped conductor having a S difference P ^ structure of the short-circuit 3 dB 
predetermined thickness and provided with an electromag- P ^ ^ b oviding a step diffc rence 
netic emitter, wbme proposing 55 predetermined conditions regarding the three- 
technique, and thereby prov^e an antenna able to prevent gh of ^ disk . shaped cond uctor. Impedance 
the generation of a standing wave in a high frequency wave waveguide. 

propagation path and generate high density plasma by the J^** * ^ ^ ^ the structure of a 

supply of a large power. ^nrt-^mnt ^ HB directional coupler is given by providing 

60 fSS i "ST^X » S. regln of .he 

plasma processing system being able to use the antenna .to • I ' J disk-shaped conductor 

supply a large power high 7^L ZZ^^ regions and adjusting the 

density plasma by a large power, and processing the surface « ^ ^ ^ ^ 

of a large area at a high rate. £ predetermined conditions. 

, . & dielectric constant, etc. of parts) of any elements in me 
objects. 
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plurality of elements comprising that structure of a short- FIG. 2 is a longitudinal sectional view of the basic 

S3 3 dB dkectional coupler are determined to give structure for supplementing the explanation of the structure 

S22=r A * (where is a conjugated complex number) in the of a plasma generation antenna of the first embodiment; 

representation of the scattering matrix with respect to the pj G 3 ^ a vi ew f or explaining the action of the short- 
reflection coefficient T A of the antenna . This condition is one 5 cuxu i t 3 directional coupler, 

example of the predetermined conditions. There are various ^ Q 4 fc ^ ^-^^^ xci i anA \ view of the practical 

elements determining the scattering matrix in the ^ above • supplementing the explanation of the structure 

plurality of elements. Further, similarly, in the £ ^ ^ rf ^ ^ embodimcat; 

variables of any elements ui the plurality of elements Ul ^ m e , clvmpH 

comprising the structure of the short^ircuit 3 dB directional FIG. 5 is a view of the appearance of a disk^aped 

coupler are determined to give S^O in the representation of conductor plate of the plasma processing antenna ot the Hist 

the scattering matrix. This condition is another example of embodiment: 

the predetermined conditions and is a basic condition with FIG. 6 is a view representing a scattering matrix when 

high practicality. viewing the plasma generation antenna as a single power 

The plasma processing system according to the present ^ fced system; 

invention is preferably provided with a magnetic circuit for pjG ? fc a longitudinal sectional view of key parts of a 

generating a magnetic field in m f h ^ ^ plasma generation antenna designed applying this antenna 

shaped conductor. By providing the magnetic c remt, the P f fa . ^ ^ first embodiment of the present 

disk-shaped conductor is given a predetermined thickness. aesi S n . i^uuiqu* w 

Since the disk-shaped conductor has the predetermined invention, 

thickness, a new unique technique for antenna design or 20 FIG. 8 is a longitudinal sectional view of a plasma 

impedance matching is provided. generation apparatus according to a second embodiment ot 

In the above configuration, the flux density of the mag- the present invention; and 

netic field generated by the magnetic circuit in the region in FIG. 9 is a longitudinal sectional view schematically 

proximity to the disk-shaped conductor In the space of the showing a plasma processing system of the related art. 

vacuum chamber is set so that the electron cyclotron fre- 25 p^riHi^rmN OF THF PREFERRED 

quency corresponding to the flux density becomes higher DESCRIPTION OF IHb PKb*fcKKbL> 

than the frequency of the high frequency power. EMBODIMENTS 

Further, in the above configuration, the frequency of the Nex ^ pre f erred embodiments of the present invention will 

high frequency power is 0.5 to 10 GHz. be explamed yfi^ reference to the attached drawings. 

In the plasma processing system according to the present 30 ^ lagma p roce ssing system according to the present 

invention, preferably a coaxial type impedance matching jnventioil ^ in general used for a dry etching system, plasma 

mechanism is provided at the coaxial line connected to the QyD sys{em ^ etc In the f 0 u ow in g explanation of the 

antenna. embodiments, a dry etching process for fabrication of an LSI 

Note that in the above explanation, the explanation was ^ cnvisioned jh e pre sent invention aims at the improve- 

made focusing on a plasma processing system provided with 35 ^ ^ plasma generation mechanism including an 

the new high frequency feed antenna, but the antenna itself antenna . its applications are not however limited to a dry 

is also highly valuable technically. etching process. 

The present invention exhibits the following effects. It pjQ 1 shows a p i asma processing system provided with 

provides the plasma processing system supplying a high ^ aQtenna as a characteristic part of the present invention, 
frequency power into the vacuum chamber to cause dis- « Refereace numera i 10 is a plasma generation antenna. In the 

charge and generate plasma and thereby process the surface plasma processing system according to the present 

of a substrate, when the disk-shaped conductor supplying mvenliori) the characteristic part lies in the improved struc- 

high frequency power has the predetermined thickness, the ^ Qf ^ antenna 10 Therefore, according to this 

waveguide surrounding the disk-shaped conductor is given embodiment , the explanation will be made of mainly the 

the structure of a short-circuit 3 dB directional coupler. &tructure and action 0 f the antenna 10 referring to the 

Thereby the generation of a standing wave can be prevented, drawingSj overall structure of the plasma processing 

the high frequency power can be transmitted efficiently, and m . g drawn ^ hermtically . 

the efficiency of plasma generation can be improve^ fc ^ ^ ^ &ide of a va(nmm 

Therefore, a large power high frequency wave can be * u for tion of ^ 

supplied, a high density plasma can be grated, and the ^ ^ ^ of the ^ of thc vacuum 

surface of a substrate of a diameter more than 300 mm can ^ ^ holder u ^ ^ ^ 

be processed. Further, according to the present invention the ^ Qq ^ of ^ 

effect is more remarkable when using discharge resulting fe & u {o be proccssed . ^ 

from a high frequency power with a frequency in the range ^ ^ a 

of 0.5 to 10 GHz to generate plasma with a good umformity 55 » a of 3^ ^ ^ 14 ^ 

over a large area. It is possible to improve the practicality of * horizonta Uy in the figure. The processed surface of the 

the plasma processing system when processing a large area ^ fa * ^ to ^ ^ ^ e spflce u 

substrate by high frequency discharge. btiwxn ^ 1Q aQd me gubstrate holder 13 fc a 

BRIEF DESCRIPTION OF THE DRAWINGS 6Q reg i 0D G f generation of plasma. The top surface of the 

Tliese and other objects and features of the present substrate 14 faces the antenna 10 across this space 11. 

invention will become clearer from the following descrip- In the plasma processing system according to the present 

lion of the preferred embodiments given with reference to embodiment, a gas introduction pipe 15 is provided at a 

the attached drawings, wherein: cylindrical^ shaped surrounding wall of the vacuum cham- 

F1G 1 is a longitudinal sectional view of a plasma 65 ber 12. The gas introduction pipe 15 * connected to a 

processing system according to a first embodiment of the discharge gas introduction mechanism 16 through a va 

present invention: etc - ^ discharge gas is introduced into the space 11 in the 
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vacuum chamber 12 through the gas introduction pipe 15. or assembled with the magnetic circuit for the purpose of 

Under the substrate holder 13 arranged at the bottom of the improving the efficiency of plasma generation as explained 

vacuum chamber 12 is formed an evacuation port 17. The above. The configuration of the magnetic circuit itself, 

evacuation port 17 is connected to an evacuating mechanism however, is not the gist of the present invention, so m HO 

18 The inside of the vacuum chamber 12 is held at a 5 1, the illustration is omitted for simplification. As explained 

required reduced pressure state by the evacuating mecha- above, however, the disk-shaped conductor plate 19 pro- 

nism 18. When electrical power is supplied to the discharge vided with the magnetic circuit is shown by hatching in HG. 

gas of the vacuum chamber 12 in this state, discharge is 1 to show that it has a predetermined thickness, 

started and plasma is generated. The antenna 10 is provided The feature of the present invention lies in the structure 

at its approximate center position with a disk-shaped con- 10 and action of the plasma generation antenna 10 as explained 

ductor plate 19 in a horizontal state in the figure. The power above. The antenna 10 is provided at the top of the vacuum 

for generation of the plasma is supplied as high frequency chamber 12 for discharge processing and is used for the 

power from an electromagnetic wave emitter 20 provided at purpose of emitting high frequency power to the inside 

the bottom surface of the disk-shaped conductor plate 19. space of the vacuum chamber 12. Here, in the explanation of 

The high frequency power Is supplied from a high frequency 15 the embodiment, the structure and action of the antenna 10 

power feed system 30 to the disk-shaped conductor plate 19 are the main themes. In the design of the plasma generation 

of the antenna 10. The disk-shaped conductor plate 19 antenna 10 constituting the major part of the present 

houses a magnetic circuit near the electromagnetic wave invention, the setting of the oscillation frequency of the high 

emitter 20, so has a predetermined thickness. Therefore, the frequency power source 31 in the high frequency power feed 

disk-shaped conductor plate 19 is actually formed as a 20 system 30 is an important requirement. In the present 

disk-shaped conductor having an inside volume. The thick- embodiment, in the same way as the document cited above, 

ness of the disk-shaped conductor plate 19 is determined in a high frequency power source able to generate a microwave 

accordance with the magnitude etc. of the magnetic circuit of 2.45 GHz is used. The output power of the high frequency 

housed. power source 31 is for example about 2000W. 

In the antenna 10, the above-mentioned disk-shaped con- 2 s Next, the structure and action of the antenna 10 will be 

ductor plate 19 is attached at a location outside the opening explained in detail with reference to FIG. 2 to FIG. 6. FIG. 

12b of the ceiling 12a of the discharge vacuum chamber 12, 2 shows schematically the basic structure of the antenna 10, 

so as to plug the same, through a ring 21 made of a dielectric FIG. 3 illustrates the concept of operation of a short-circuit 

functioning also to seal the vacuum. At the bottom surface 3 dB directional coupler by, for example, an example of the 

of the disk-shaped conductor plate 19, the part through the 30 structure of a rectangular waveguide, FIG. 4 somatically 

opening Ub facing onto the space 11 inside the vacuum shows the antenna 10 according to the present invention 

chamber 12 forms the above-mentioned electromagnetic having the function of impedance matching, FIG. 5 shows a 

wave emitter 204 Also, a thin dielectric plate 22 is attached perspective view of the appearance of only the disk-shaped 

to the bottom surface of the disk-shaped conductor plate 19. conductor plate, and FIG. 6 shows a representation of a 

Further, at the surrounding regions at the upper side, side 35 scattering matrix (S matrix) when viewing the antenna 10 as 

directions, and lower side of the disk-shaped conductor plate a single power feed system. 

19 is provided a portion 24 forming a high frequency i n FIG. 2, the high frequency power introduced through 
propagation path, that is, a waveguide 24. The waveguide 24 the high frequency power feed system 30 is guided by the 
is formed as a coaxial high frequency wave propagation path coaxial line 34, passes through the waveguide 24 of the 
around the disk-shaped conductor plate 19 between the 40 coaxial transmission line formed around the disk-shaped 
conductor plate 19 and an outside vessel and has a folded conductor plate 19 of the antenna 10, and is emitted from the 
portion. Further, around the upper peripheral edge of the rea r electromagnetic wave emitter 20 to the space 11 inside 
disk-shaped conductor plate 19 is provided a ring 23 made the vacuum chamber 12. In this figure, the disk-shaped 
of a dielectric in the waveguide 24. The outer shape of the conductor plate of the antenna 10 is the portion shown by 
peripheral edge of the disk-shaped conductor plate 19 form- 45 reference numeral 19 A. It is shown by a shape different from 
ing the waveguide 24 at its inside portion or the structure of the above-mentioned conductor plate 19. That is, the con- 
the waveguide 24 formed using a dielectric material such as ductor plate 19A does not actually have the above prede- 
the dielectric rings 21 and 23 and the method of design of the termined thickness and is drawn schematically as a disk- 
same are the most important points in the present invention. shaped substantially flat plate. Further, in FIG. 2, the 

Further, the above high frequency power feed system 30 50 electromagnetic wave emitter 20 designates the opening in 
is comprised of a high frequency power source 31, a stub the bottom wall. The above high frequency power is the 
tuner 32, a coaxial waveguide converter 33, and a coaxial energy for causing discharge of the discharge gas supplied to 
line 34. The stub tuner 32 is comprised of three coaxial the space 11 to generate the plasma. In the antenna 10, as 
tuners and is arranged in a waveguide. Further, the coaxial shown by the arrow 41 (meaning an energy flow), the high 
line 34 is comprised of an inner conductor 34a and a tubular 55 frequency power is supplied to the electromagnetic wave 
outer conductor 34/?. The inner conductor 34a of the coaxial emitter 20 around the peripheral edge 19A-1 of the disk- 
line 34 is connected to the center of the top surface of the shaped conductor plate 19A. In this configuration, for the 
disk-shaped conductor plate 19, while the bottom end of the efficient propagation of the high frequency power as shown 
outer conductor 34fc of the coaxial line 34 is connected to the by the energy flow 41, in the present embodiment, the 
outside portion of the waveguide 24. The bottom end of the 60 waveguide 24 of the surrounding region of the disk-shaped 
coaxial line 34 is connected to the top side of the waveguide conductor plate 19A is given the structure of a short-circuit 
24. Further, the folded portion of the waveguide 24 is 3 dB directional coupler, the special property (action) of the 
formed as a' portion extending from the bottom end of the short-circuit 3 dB directional coupler is utilized for imped- 
coaxial line 34 to the electromagnetic wave emitter 20 at the ance matching, and the efficiency of propagation is 
bottom side of the disk-shaped conductor plate 19. 65 improved, The present embodiment indicates as its features 

The disk-shaped conductor plate 19 houses a magnetic the method of design of the antenna for giving the structure 

circuit, or is provided additionally with the magnetic circuit, of a short-circuit 3 dB directional coupler by the waveguide 
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24oftheantennal0andtheantennal0havingthestructure. a folded portion by the provision ^ ^ 

THe properties of the short^ircuit 3 dB directional coupler metal plate portion If 

■ii L l™ioWH in HPtail hplnw directional coupler having a folded portion using the struc- 

will be explained in detail below. ^ of ^ rec F tangular waveg uide in this way, the high 

Note that in FIG. 2, the waveguide 24 of the portion ot frequency po Wer entering from the incident side waveguide 

propagation of the high frequency power is divided tor ^ o Utpul fpom the emission side waveguide without the 

convenience into three regions (A), (B) and (C). That is, the gerje ration of a standing wave. 

waveguide 24 for propagation of the high frequency power Tfae discussion of the sa0 rt-circuit 3 dB directional cou- 

around the disk-shaped conductor plate 19A is provided with plef relating to the above rectangular waveguide can be 

dielectric materials shown as the three regions (A), (B) and expan ded and applied to the antenna 10 comprised of the 
(C). In this example, the structure of the short-circuit 3 dB 10 disk _ shaped conductor plate 19 A and waveguide 24 formed 

directional coupler is given as explained later using dielec- around it, shown in FIG. 2, that is, the antenna 10 having the 

trie materials. radial waveguide including the folded portion. The basic 

Next, an explanation will be given of the special proper- operating principle of the short-circuit 3 dB directional 
ties of the short-circuit 3 dB directional coupler using (1) to ^ C0U pi er 42 relating to the example of the structure using the 

(4) of FIG. 3. In FIG. 3, the short-circuit 3 dB directional rectangular waveguide is the same in the antenna 10 of the 

coupler is represented by the block circuit 42 provided with shape shown in the present embodiment. That is, In the 

the two left ports 42a and 42b and the two right ports 42c antenna 10, if the generation of the standing wave is 

and 42d. The top left of the block circuit 42 having the action eliminated by structural provision (structural realization) of 

of the short-circuit 3 dB directional coupler forms an inci- me short-circuit 3 dB directional coupler at the waveguide 

dent end. In the short-circuit 3 dB directional coupler 42, the 2 4 at the region surrounding the disk-shaped conductor plate 

left ports 42a and 42b are open, while the right ports 42c and me power of the high frequency wave (microwave) 

42^ are short-circuited and form a short-circuited end 42A. introduced to the incident portion of the top side of the 

(1) in FIG 3 is a view of the case where an electromag- disk-shaped conductor plate 19A is efficiently propagated 
netic wave of a unit amplitude is incident to the top right port 25 without generation of loss as shown by the energy flow 41 

42a of the short-circuit 3 dB directional coupler. The inci- and is emitted from the electromagnetic wave emitter 20 ot 

dent wave is divided by the action of the short-circuit 3 dB the lower, side of the disk-shaped conductor plate 19 A In the 

directional coupler 42 into two waves of amplitudes of 1/^5 example of the antenna 10 shown in FIG. 2, the short-circuit 

which appear at the short-circuited end 42A. At this time, 3 dB directional coupler is realized by arranging dielectric 
due to the general properties of the coupler, the amplitude at 3Q materials of the regions (A) to (C) so as to satisfy prede- 

the top right port 42c becomes 1/V2, the phase at the bottom termined conditions at the waveguide 24 formed around the 

right port 42d differs by 90 degrees, and therefore the flat disk-shaped conductor plate 19A. Here, the "predeter- 

coniugated amplitude becomes j(l/v2). mined conditions" means finding a single scattering matrix 

In the short-circuit 3 dB directional coupler 42, when the S as an overall structure for the waveguide 24 of the antenna 
inSZtSc enters the, port 42* as explained above, 35 10 and changing the diele ^ c ^°^ a °^^ ^ e 

reflecdonoccursattheshort-circuitedend42A.Asshownin materials of the regions A) to (C to m ^ e ^ r ™°° 

2) and (3) of FIG 3. the reflection wave again passes coefficient S 22 of the scattering matrix 0. In other wo ds, if 

h ough SZ^Mi 3 dB directional couple" 42.(2) of the dielectric cor, tan* etc .of the *^ ™^ « 

FIG.iisaviewofthecaseofreflectionoftheelectromag- determined so that the «^ «^ 
neticwaveoftheampUtudel/v5of the port 42c. As a result, 40 scattering matrix becomes .0, the 

£ becomes the electromagnetic waves of the conjugated tional coupler is provided at the waveguide 24 by the 

ampS % and j(%) and appears at the two ports 42a and structure of the dielectric materials of the re gl ons (A) to (C) 

42b. On the other hand, (3) of FIG. 3 is a view of the case having those dielectric constants. 

of reflection of the electromagnetic wave of the conjugated Further, since there are various demands in practice on the 
amplitude of the port 424. Electromagnetic waves of 45 structure of the plasma/generation antenna 10, it is not 
the conjugated amplitudes and j(V4) appear at the ports possible to employ the above ideal structure as it is. In 
42a and 42b Since the overall phenomenon is based on the practice, since a magnetic circuit using permanent magnets 
superposition of (2) and (3) of FIG. 3, in the end, the is provided close to the electromagnetic wave emitter 20 
electromagnetic wave passing through the short-circuit 3 dB when the magnetic circuit is contained m the disk-shaped 
direcuonalcoupler 42 and reflected at the short-circuited end 50 conductor plate 19, the disk-shaped conductor plate 19 is 
42A appears as the conjugated amplitude j at the bottom left required to have a predetermined thickness in accordance 
port 42b as shown in (4) of FIG. 3. In short, due to the action with the housed magnetic circuit as shown in HO. 1. 
of the short-circuit 3 dB directional coupler 42, the electro- Further, similarly, as shown in FIG. 1, the distance 
magnetic wave incident from the port 42a of the incident end between the electromagnetic wave emitter 20 and the disk- 
is output as an electromagnetic wave with an unchanging 55 shaped conductor plate 19 is iu many cases made several 
amplitude and a 90 degrees different phase at the left port mm. Sometimes it has to be made extremely small compared 
42b That is, the electromagnetic wave incident to the port with the distance or clearance at the top side of the disk- 
42a is transmitted to the port 426 as an electromagnetic shaped conductor plate 19. If such a shape is employed, 
wave shifted in phase by exactly 90 degrees without gen- however, the impedances at the top and bottom surfaces of 
eration of a standing wave. 60 the disk-shaped conductor plate 19 will become consider- 
If configuring the short-circuit 3 dB directional coupler ably different and therefore microwave reflect™ .will occur 
having the above action by a rectangular waveguide, the port Therefore, relating to the outside shape of the disk-shaped 
42a where the electromagnetic wave is incident becomes the conductor plate, unlike the flat disk-shaped conductor plate 
incident side waveguide, while the port 42b where the 19A shown in FIG. 2, tie structure shown in FIG. 4 is 
electromagnetic wave is output becomes the emission side 65 employed. Tbe disk-shaped conductor plate shown in FIG. 
wavemiideThe portion of the waveguide from the incident 4 is formed to have an impedance matching function so as 
side waveguide to the emission side waveguide is formed as not to cause microwave reflection by giving a predetermined 
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thickness and making modifications in the outside shape. FIG. 6 is a view for explaining the basic operation of ^the 
The outer shape of the disk-shaped conductor plate shown in plasma generation antenna 10. It shows one scattering 
FIG 4 is the same as the outer shape of the disk-shaped ma trix (S matrix) obtained by viewing the antenna 1 as a 
conductor plate 19 shown in FIG. 1. Therefore, the reference smg i e powe r feed system. The scattering matrix S is corn- 
numeral 19 is assigned to the disk-shaped conductor plate 5 prised of the reflection coefficients S u and S 22 and the 
shown in FIG. 4 as well. According to this structure, as transm j ss i on coefficients S 12 and S 21 . In FIG. 6, when the 
shown in FIG. 4 and FIG. 5, step differences 19a and 19b are reflection coefficient of the antenna 10 is Y A and the scat- 
formed at the peripheral edges of the top and bottom teri atrixof the ^tenm 10 when viewed as a power feed 
dSnslont £ *£b^^^ A £ „ ^stem is made the following equation (1) me reflection 

coeffidentatthe^ 

ance matching. In this example, by providing step differ- by the following equation (2): 
ences 19a and \9b at the top and bottom surfaces of the 

disk-shaped conductor plate 19 under predetermined [S] = ( 5il Sl2 ) 

conditions, propagation characteristics of the high frequency \s 2i 

power the same as the short-circuit 3 dB directional coupler ^ (2 } 

42 whose operating principle was explained in FIG. 3 are ry = e> 2 *r„ 

realized. That is, the structure of a short<:ircuit 3 dB l-s^r,, 
directional coupler is realized by providing the step differ- 
ences 19a and 19b meeting predetermined conditions at the 

top and bottom surfaces of the disk-shaped conductor plate 20 Not£ ^ ^ equation (2), the symbol * expresses a 

19 of the antenna 10. Here, the "predetermined conditions" complex number and (|>=arg(S 33 ) - • - (3)- For 

means finding one scattering matrix S « simplification, in the representation of the scattering matrix 

for the waveguide 24 of the antenna 10 and chants the P reference plane is moved to the position T-T 

heights and other dimensions of the step differences 19a and or *iu. o. ine rcicicu P 
19b to make the reflection coefficient S 22 of the scattering 25 where <|>-u. 

matrix 0. In other words, if the heights etc. of the step Her( ^ when the re fl ec tion coefficient T A of the antenna 10 

differences are determined so that the reflection coefficient ^ knowrjj if designing the power feed system so that 

S 22 of the scattering matrix becomes 0, the short-circuit 3 dB s =r * (4) r^^O ... (5) and complete matching 

directional coupler is provided at the waveguide 24 by the possibk ' 

structure of the step differences. By providing the step 3Q ^ 

differences 19a and 19b of the predetermined conditions at However, the reflection coefficient T A at the antenna iu, 

the top and bottom surfaces of the disk-shaped conductor mat the reflection coefficient T A at the electromagnetic 

plate 19 in this way, the impedances are matched, the wave emitter 20, is generally unknown. The above method 

generation of microwave reflection is prevented, the micro- of ca i cu i a tion cannot be applied. Therefore, in equation (2), 

wave is efficiently transmitted, and a microwave can be ^ an tenna is designed to satisfy S 22 =0 . . . (6). If S^^O, 
efficiently emitted from the electromagnetic wave emitter 35 j^p* ... (7) stands and the reflection coefficient of the 

20. antenna 10 and the reflection coefficient of the feeding point 

Further, to practically provide the antenna 10 with the become equal. That is, if ensuring the condition S 22 =0 be 

disk-shaped conductor plate having the outer shape as sat jsfi e d while changing a certain portion of the structure 

shown in FIG. 4 and FIG. 5, it is necessary to change the forming me antenna 10, the state of change gives the 
outer shape of the disk-shaped conductor plate 19 and to 40 stnJcture of the sn0 rt^ircuit 3 dB directional coupler and 

consider the selection of the dielectric materials to be matching is achieved, 

arranged around the disk-shaped conductor plate, design of unpawn s 

the vacuum sealing, etc. That is, to specifically design the Next, the method of finding the elements of the scattering 

antenna 10, it is necessary to design the microwave propa- malr ix of equation (1) for the plasma generation antenna 10 
gation path by changing the outer shape of the disk-shaped 45 shown in FIG. 2 as an example will be shown. To facilitate 

conductor plate 19 and select the surrounding dielectric the analysis at this time, the Inside of the cylinder of the 

materials, design the vacuum sealing, etc. Therefore, the ms id e diameter R (waveguide 24) is divided into three 

dielectric rings 21 and 23 are arranged around the disk- reg i 0[1 s (A), (B) and (C) as shown in FIG 2. The heights h lt 

shaped conductor plate 19 as explained in FIG. 1. The hz ^6 h 3 and the dielectric constants e/ \ and are 

dielectric rings 21 and 23 form the waveguide 24 and serve 50 respectively assigned to these regions. The excitation is 

also as vacuum seals. When designing the antenna 10 of the ma d e the TM wave and the electromagnetic field is made 

configuration shown in FIG. 1, the antenna is designed by uniform in the <t> direction. At this time, the electrical 

changing the outer shape by the step differences of the component E z is obtained by solution of the wave equation 

disk-shaped conductor plate 19, selecting the dielectric m the cylindrical coordinate system shown in equation (8), 

materials (21, 22, 23) provided at the waveguide 24, etc. and 55 while the magnetic wave component H<|> is found by equa- 

finding one scattering matrix S as the overall structure and ti on (9). 
changing a certain portion of the structure to give a reflection 

coefficient of the scattering matrix of 0 and thereby f^ + I£££ +A 2 £ =o t&> 

realize the structure of the short-circuit 3 cm directional dp i + P dp x 

coupler at the waveguide 24 of the antenna. 60 j & ^ (9) 

Next, the method of antenna design relating to the antenna ^ = _ _ _£ 
10 will be described in detail. Here, the process of calcula- 
tion for realizing a waveguide for propagation of a micro- 
wave without reflection is shown for a basic structure m . , m 
obtained by using a material usable for a plasma surface 65 The electromagnetic fields in the region (A) region (B) 
l^lyT^L giving consideration to the mechani- and region (C) are ^ven by the following equations (10) to 
cal strength (16) in this way: 
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£(n = + y 4" cos. — * 



(10) 



that the elements are given by the following equations (23) 
to (28): 



„(i> (Jt U) r) V Al ) 
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sin! m/r — I 
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(13) 
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(15) 
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(16) 
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A 3 / /. 2 ^ 2 

ffi 2) (AS?»R) /fntf'K) 
W, t2, (A< 3 V) ///"(tf'r) 

//i !) (tfr) 
7«= —.(/=!, 2) 



2S 



> 6 - = {i 



Here, A„ (1) is an unknown coefficient, k„ <1) is a phase 
constant, Z„ (1) is a characteristic impedance, and n is a mode 
number. Further, the first terms on the right sides of equa- 
tions (10) and (11) correspond to incident waves, the second 
terms on correspond to reflection waves, acid equations (12) 
and (13) correspond to transmission waves. These must 
satisfy the boundary condition at p-7 (following equations 
(17), (18) and (19)). 

■gWsisho < 17) 
0(*i szsh}-h 2 ) 



rl(«=0) fl<« = 0) 
* = t2<»*0)' " VO(n^O) 



(23) 



(24) 



(25) 



(26) 



(27) 



(28) 



Here, I is expressed by the following equation (29): 

//Atfi^'WV) (29) 



If equations (21) and (22) are inserted into equation (20), 
the following equation (30) is obtained. 



£?> = 

Ej 2 >(A 3 -A 2 *e**3) 



(18) 
(19) 



[[hiZ£>)iS n ] - fe][oil I ) IAi4 i, ][*][/S i) ][«iL , l'C^l - 

= (1 +■ Dk^MaSi) 



(30) 



By solving equation (30) for and inserting the result 

Here, if equations (10) to (15) are inserted into equations 4 * ^ equatioQS pi) a nd (22), A„ (l) and Aj^ are found. In 

(17) to (19) and the results multiplied with the following ^ ^ the e i ements s n , S 12 and of the scattering 

equation shown below to integrate them in the range where matr ix are given by the following equations (31) and (32): 
the boundary conditions stand, equations (20) to (22) are 

obtained. r ""7.7 (31 ) 

50 



(20) 



r 3 ; 



( mn ^ 
cos; — U - (A3 - hz ))\[h^)[S n ](A^ ) 



S12 = S 2i = 4 2) 



(32) 



) 



) = l{S n ) + feHJi" 1[«J1 } ]' [C. ](^ 3] ) (2D 

(4^)= fePi 2, ][«Sr[c.](A!, 3 ») a2) 



60 



Using the unitary property, S 22 is obtained by the follow- 
ing equation (33): 



S22 = - -^r^n 

•511 



(33) 



Here the bracketed terms indicate matrixes, while the 65 By suitably changing a certain portion of the plurality of 
parenthesized terms indicate column vectors. A term with a variables (heights h,, and h 3 and d.electnc constants ^ 
single element number such a [SJ is a diagonal matrix. Note and ^ m S 22 obtamed by equatton (33), it is possible 
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to provide the structure of the short-circuit 3 dB directional to construct a plasma processing system which improves the 
coupler at the antenna 10. In this way, it is possible to obtain efficiency of transmission of electromagnetic waves in the 
elements of the scattering matrix relating to the plasma antenna power feed system, a problem in the past, and has 
generation antenna 10 shown in FIG. 2 and possible to use advantages never seen in the past. These advantages are the 
the reflection coefficient among these to precisely find 5 following (1) to (3): 

the dimensions or dielectric constants etc. of the parts of the ^ A pi asma processing system which can emit a large 

antenna 10 enabling impedance matching. power electromagnetic wave impossible in the past, and can 

It is also possible to use the same method of design as generate higher density plasma than ever before can be 
above for analysis to find the elements of the scattering prov ided. 

matrix in the design of the antenna 10 having the disk- 10 p) Plasma of the same extent of density as in the past can 
shaped conductor plate 19 formed with the step differences b& ated usi a smaller power lhan ^ the pastj ^ the 
19a and 196 shown in FIGS. 4 and 5. That is, the antenna is * a essi tem can be given a sma n er power 

designed by multi variable analysis using as variables the be ^ smaUer [n energy mwmp ^ m Further, 

distance between the peripheral edge of the disk-shaped ^ ^ of mcrcase of me power for dealing wim the 
conductor plate and the outer vessel, the heights of the step 15 ^ ■ size of plasma gene ration areas accompanying 
differences, the distance between the peripheral edge ot the ^ ocessing of large arca su b st rates can be suppressed, 
disk-shaped conductor plate and the walls of the step an according t0 the 

differences and the distance between ° f pisln! embodiment definS the structure of the electromag- 

the step differences and ^^J^l^J^ * netic wave transmission path. Optimal design assuming any 
possible to precisely find the dimensions etc. of the step 20 ^ Mc 

differences of the antenna 10 able to perform impedance S ™P C or md , f pm( ,. nl . _ 

matching using the reflection coefficients^ of the scattering Note that the design shown in the first embodiment is one 
ma rix even for the plasma generation antenna 10 shown in example of the resuU of calculations. It is of course possible 
FIG 4 t to calculate olher efficient structures using similar calcula- 

An example of the folded portion around the peripheral 25 tions. Due to the above reasons, according to the pkana 
/\n exampic ui mc tyiu^u ^ r r ^ veneration antenna 10 according to the above embodiment, 

edge of the disk-shaped conductor plate 19 designed m the generation duicuiw xv a^u & 

cu & „ y t i a |T" • tU „ it is nossible to minimize the power loss in the inside ot trie 

above way for the plasma generation antenna 10 having the 11 1 * v^*™* 1 * , „ ^w™* 

step differences if a and 196 shown in FIG. 4 is shown in plasma generation ^J^^^^^ 
FIG 7 The antenna 10 shown in FIG. 7 is designed so that gyration system of a higher efficiency than ever before, 
the reflection coefficient T F at the feeding point of the 30 Next, the routine and features when processing the surface 
antenna 10 deemed to be the power feed system matches of a substrate 14 by using the plasma processing system 
with the reflection coefficient T A at the electromagnetic according to the first embodiment will be ; explained in brief, 
wave emitter of the antenna 10. In FIG. 7 the reference The surface processing is for example a dry etching process 
numeral 19 indicates the disk-shaped conductor plate of the of a silicon oxide film on a silicon wafer, 
antenna 10, while 24a is a conductive outside vessel. The 35 In the plasma processing system according to the first 
step difference 19a is formed on the top sur ace of the embodiment, discharge gas is supplied from the discharge 
disk-shaped conductor plate 19, while the step difference gas introduction mechanism 16 through the gas introduction 
196 is formed on the bottom surface. The above waveguide pipe 15 to the vacuum chamber 12. As the discharge gas 
24 is formed between the outside vessel 24a and the disk- used in the dry etching process of a silicon oxide film, 
shaped conductor plate 19 positioned inside it. The dimen- 40 generally use is made of a mixed gas comprised mainly of 
sions of the parts of the antenna 10 are as follows. The height a chlorofluorocarbon gas plus argon, oxygen, hydrogen, etc. 
of the outside vessel 24a is 8 cm. The distance between the On the other hand, the evacuating mechanism 18 provided 
maximum diameter portion (peripheral edge) positioned at at the vacuum chamber 12 is provided with a hydraulic 
the center of the disk-shaped conductor plate 19 in the rotary pump or turbo molecular pump or other vacuum 
thickness direction and the cylindrical side walls of the 45 pump. The inside of the vacuum chamber 12 is evacuated 
outside vessel 24a is 5 cm. The dimension of width of the through the evacuation port 17 until reaching for example a 
step difference 19a in the diametrical direction is 3 cm, pressure of about 10" 4 Pa. Note that the vacuum chamber 12 
while the dimension from the surface (bottom surface) 19a- 1 is also provided with a gate valve for loading and unloading 
in the step difference 19a to the upper wall of the outside the substrates 14 and a transport system for loading and 
vessel 24a is 2 cm. The dimension of width of the step 50 unloading the substrates 14 through the gate valve, but 
difference \9b in the diametrical direction is 3 cm, while the illustration of these is omitted in FIG. 1. 
dimension from the surface (bottom surface) 19b-l in the Next, an explanation will be given of the operation of the 

step difference 19b to the bottom wall of the outside vessel aDO ve plasma processing system. First, the not shown trans- 
24a is 1.5 cm. port system is used to load the substrate 14 into the vacuum 

According to the antenna 10 designed so that the reflec- 55 chamber 12 and place it on the substrate bolder 13. The 
tion coefficient T A and the reflection coefficient T r of the evacuating mechanism 18 is then operated toevacuate the 
waveguide 24 match as explained above, by inserting three inside of the vacuum chamber 12 to about 10 Pa, then the 
stub tuners into the above coaxial line 34, it is possible to discharge gas introduction mechanism 16 introduces the 
even more easily match the impedance. Note that at this discharge gas into the vacuum chamber 12. The pressure of 
time, the coaxial waveguide converter 33 must be designed 60 the gas inside the vacuum chamber 12 is determined by the 
to be able to substantially completely match the impedance flow rate of introduction of the gas and the evacuation rate 
at the frequency used, that is 2.4 GHz. of the evacuating mechanism 18. The typical gas pressure w 

Further as a result of actual measurement, when it the plasma processing system of the present embodiment is 
becomes clear that the reflection coefficient is large, it is about 1 Pa. To maintain the predetermined discharge pres- 
sufficient to insert that value into equation (4) and redesign 65 sure at the predetermined gas flow rate the general practice 
the plasma generation antenna. By applying this technique has been to provide the evacuaung mechanism 18 with a 
to the design of a plasma generation antenna, it is possible mechanism for controlling the evacuation rate. 
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Next, the high frequency power feed system 30 operates 
to supply high frequency power to the vacuum chamber 12. 
That is, the high frequency power generated from the high 
frequency power resource 31 is guided by the waveguide to 
the stub tuner 32 where the impedance is matched, then is 
converted by the coaxial waveguide converter 33 and is 
supplied through the coaxial line 34 to the plasma generation 
antenna 10. The high frequency power supplied to the 
antenna 10 is emitted from the electromagnetic wave emitter 
20 to the space 11 in accordance with the action of the 
antenna 10 to electrically dissociate the discharge gas in the 
space 11 and cause discharge. Plasma is generated in the 
space 11 inside of the vacuum chamber 12 by this discharge. 
This plasma is used for the predetermined processing of the 
surface of the substrate 14 on the substrate holder 13. 

In the above plasma processing system, the features of the 
antenna 10 were used to enable generation of high density 
plasma, which had been impossible in the past. The unifor- 
mity of the plasma is within ±3% in the case of a diameter 
in the range of 300 mm. This value is sufficient for a plasma 
processing system using current silicon substrates. Further, 
from the features of the plasma generation antenna 10, it 
becomes easy to generate uniform plasma by a larger area. 
The antenna can therefore be applied to a system for 
processing of a large-sized substrate of a diameter of 400 
mm or a diameter of 450 mm in the future. 

FIG. 8 shows a second embodiment of the present inven- 
tion and is similar to FIG. 1. In FIG. 8, the same reference 
numerals are assigned to elements substantially the same as 
the elements explained in FIG. 1 and explanations are 
omitted. In particular, the structure providing the short- 
circuit 3 dB directional coupler of the plasma generation 
antenna 10 in this embodiment is substantially the same as 
that explained in the first embodiment. In the present 
embodiment, matching even closer to the ideal can be 
realized by providing a coaxial stub tuner 51 in the coaxial 
line 34. 

In the antenna 10 optimally designed in accordance with 
the first embodiment, the design is based on the presumption 
that the reflection coefficient of the electromagnetic wave 
emitter is sufficiently small or known. The impedance of the 
plasma generated however changes somewhat according to 
the input power, gas pressure, etc., so the reflection coeffi- 
cient also changes somewhat in accordance with the imped- 
ance of the plasma. The plasma source shown in the first 
embodiment is an ECR plasma source provided with a 
magnetic circuit at the disk-shaped conductor plate 19 of the 
antenna 10 and using the magnetic field as explained above. 
In this case, the change of the impedance is small, but when 
applying the present invention to a plasma source of the type 
generating plasma without using the magnetic field, the 
change of the reflection coefficient sometimes becomes a 
problem. Therefore, to eliminate the reflection wave caused 
in the waveguide in the antenna 10 due to the change of the 
impedance of the plasma, the coaxial stub tuner 51 is added 
to the coaxial line 34 for supplying high frequency power to 
the antenna 10. By adding this configuration, it is possible to 
cancel out the reflection wave generated due to the change 
of the reflection coefficient by the standing wave generated 
by the coaxial stub tuner 51 and realize a completely 
matched state without relying on a change of the process 
conditions. 

The structure of the plasma generation antenna 10 used 
for the plasma processing system according to the present 
invention is not limited to the above embodiment. If the 
conditions sought for the above short-circuit 3 dB direc- 
tional coupler are satisfied, it is possible to freely change the 
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shape and material of the dielectric rings and blocks, the 
outer diameter and thickness of the disk-shaped conductor 
plate, the shapes of the step differences, and other 
dimensions, since the application of the plasma generation 
antenna designed by the system of the present invention is 
a plasma source for a semiconductor manufacturing system, 
due to the wavelength of the electromagnetic wave, it is 
preferable to set the frequency used to a range of 0.5 to 10 
GHz. Further, by designing the antenna predicated on use at 
a frequency of 0.915 GHz or 2.45 GHz for which use is 
permitted as an industrial frequency, it is possible to realize 
a more practical plasma generation antenna. 

In the above embodiments, the example was shown of the 
use of the plasma processing system according to the present 
invention to dry etching, but the object of the present 
invention lies in generating plasma efficiently and with a 
good uniformity using a high frequency wave as explained 
above. Therefore, even when applying the invention to a 
plasma processing system meant for all types of surface 
processing using plasma such as plasma CVD, plasma 
oxidation, and plasma polymerization, the same effect as 
explained in the embodiments can be obtained. While the 
invention has been described by reference to specific 
embodiments chosen for purposes of illustration, it should 
be apparent that numerous modifications could be made 
thereto by those skilled in the art without departing from the 
basic concept and scope of the invention. 

What is claimed is: 

1. A plasma processing system comprising: 

a vacuum chamber in which plasma is generated in a 
space at the front of a substrate loaded inside, 

an antenna for plasma generation provided in said vacuum 
chamber, 

a high frequency power source for supplying high fre- 
quency power to said antenna, 

wherein said antenna supplied with the high frequency 
power from said high frequency power source emitting 
the high frequency power to cause generation of plasma 
in the space in said vacuum chamber and the plasma 
being used to perform predetermined processing of the 
surface of said substrate, and further wherein, 

said antenna having a disk-shaped conductor having a 
predetermined thickness and an electromagnetic wave 
emitter facing said substrate and being connected to 
said high frequency power source by a coaxial line, 

said disk-shaped conductor being connected to an inside 
conductor of said coaxial line at its center point, 

a waveguide of a coaxial type arranged symmetrically 
with respect to the center point and provided with a 
folded portion from said coaxial line to said electro- 
magnetic wave emitter being provided around said 
disk-shaped conductor, and 

said folded portion of said waveguide having structure as 
a short-circuit 3 dB directional coupler having an 
impedance matching action. 

2. A plasma processing system as set forth in claim 1, 
wherein the structure as said short-circuit 3 dB directional 
coupler is produced by forming a step difference at one or 
both of the top surface and bottom surface of said disk- 
shaped conductor. 

3. A plasma processing system as set forth in claim 1, 
wherein the structure as said short-circuit 3 dB directional 
coupler is produced by providing dielectric materials at the 
waveguide around said disk-shaped conductor. 
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4. A plasma processing system as set forth in claim 1, 
wherein in said antenna, the variables of any elements in the 
plurality of elements comprising the structure as said short- 
circuit 3 dB directional coupler are determined to give 
S 22 =r A * (where "*" is a conjugated complex number) in a 5 
representation of a scattering matrix with respect to a 
reflection coefficient T A of said antenna. 

5. A plasma processing system as set forth in claim 1, 
wherein in said antenna, the variables of any elements in the 
plurality of elements comprising the structure as said short- 10 
circuit 3 dB directional coupler are determined to give S 22 =0 

in a representation of a scattering matrix. 

6. A plasma processing system as set forth in claim 1, 
wherein a magnetic circuit for generating a magnetic field in 
the space is provided at said disk-shaped conductor. 



,796 B2 

20 

7. A plasma processing system as set forth in claim 6, 
wherein the flux density of the magnetic field generated by 
said magnetic circuit in a region in proximity to said 
disk-shaped conductor in the space is set so that the electron 
cyclotron frequency corresponding to the flux density 
becomes larger than the frequency of the high frequency 
power. 

8. A plasma processing system as set forth in claim 1, 
wherein the frequency of the high frequency power is 0.5 to 
10 GHz. 

9. A plasma processing system as set forth in claim 1, 
wherein a coaxial type impedance matching mechanism is 
provided at said coaxial line. 

* * * * * 
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(57) ABSTRACT 

A plasma device which is provided with a container, a gas 
supply system, and an exhaust system. The container is 
composed of a first dielectric plate made of a material 
capable of transmitting microwaves. An antenna for radiat- 
ing microwaves is located on the outside of the container, 
and an electrode for holding an object to be treated is located 
inside the container. The microwave radiating surface of the 
antenna and the surface of the object to be treated with 
plasma are positioned in parallel and opposite to each other. 
A wall section of the container other than that constituting 
the first dielectric plate is composed of a member of a 
material having electrical conductivity higher than that of 
aluminum, or the internal surface of the wall section is 
covered with the member. The thickness (d) of the member 
is larger that (2/m>o) 3/2 , where a, ft, and w respectively 
represent the electrical conductivity of the member, the 
permeability of vacuum and the angular frequency of the 
microwaves radiated from the antenna. 
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Fig. 34 



09/04/2002, EAST Version: 1.03.0002 



U.S. Patent Mar. 19, 2002 Sheet 34 of 80 US 6,357,385 Bl 



cs> I T 



0 ring seal 



SUS tube 



Probe measurement 
system 



Fig, 35A 




Fig. 35B 



09/04/2002, EAST Version: 1.03.0002 



U.S. Patent Mar. 19, 2002 Sheet 35 of 80 



US 6,357,385 Bl 




09/04/2002, EAST Version: 1.03.0002 



U.S. Patent Mar. 19, 2002 Sheet 36 of 80 US 6,357,385 Bl 




Fig. 37 
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PLASMA DEVICE 
TECHNICAL FIELD 
The present invention relates to a plasma device. 

BACKGROUND OF THE INVENTION 
Recently, accompanying the increase in chip size of ULSI 
(ultra large scale integrated circuits), there has also been a 
tendency to increase the diameter of a silicon substrate used 
as a substrate for the ULSL Since sheet leaf processing for 
handling substrates one at a time has become mainstream, if 
the substrate is increased in diameter there is a need for high 
speed processing of at least 1 mm per minute in order to 
maintain high productivity if etching and film forming are 
carried out. In a plasma device for handling an increased 
diameter substrate enabling high speed processing, it is 
essential to be able to generate high density plasma having 
an electron density in excess of 10 11 cm" 3 and to obtain the 
flow of a large quantity of gas in order to efficiently remove 
a large amount of reaction products discharged from the 
substrate surface as a result of the high speed processing. In 
order to enable the generation of high density plasma, a 
parallel plate type plasma device introducing a magnetic 
field has been developed. As a conventional plasma device 
of this type, a magnetron plasma etching device using a 
dipole ring magnet is disclosed in, for example, Japanese 
Patent Laid Open No. Hei. 6-37054. 

FIG. 43 is a schematic diagram of the conventional 
magnetron plasma etching device using a dipole ring mag- 
net. FIG. 43(a) shows the state at the time of etching, and 
FIG. 43(6) shows the state at the time of conveying the 
substrate. In the drawings, reference numeral 4301 is a 
vacuum vessel, reference numeral 4302 is an electrode I, 
reference numeral 4303 is a substrate in a space 4315, 
reference numeral 4304 is a gas introduction opening, ref- 
erence numeral 4305 is a shower plate, reference numeral 
4306 is a dipole ring magnet, reference numeral 43/07 is a 
bellows, reference numeral 4308 is a porous plate, reference 
numeral 4309 is a gate valve, reference numeral 4310 is a 40 
substrate conveying port, reference numeral 4311 is a gas 
outlet, reference numeral 4312 is a vacuum pump, reference 
numeral 4313 is a matching circuit and reference numeral 
4314 is a high frequency power source. 

At the time of etching, source material gas that has been 45 
introduced from the gas introduction opening 4304 is dis- 
charged from a plurality of small holes in the shower plate 
4305, This source material gas and reaction product gas 
discharged from the substrate surface as a result of the 
etching reaction are discharged to the outside, through a side 50 
section of the electrode I 4302, the porous plate 4308 and the 
gas outlet 4311, by the expel pump 4312. The porous plate 
4308 causes a lowering of the gas conductance between a 
space above the substrate 4303 and the gas outlet 4311, and 
is provided so as to make the gas flow substantially uni- 55 
formly in a direction of rotation of the space above the 
substrate 4303. Since the gas is made to flow uniformly in 
a direction of rotation of the space above the substrate 4303, 
the gas conductance between the space above the substrate 
4303 and the gas outlet 4311 is inevitably restricted and 60 
there is a problem that a large amount of gas can not flow. 
As a result, in high speed etching on large diameter sub- 
strates the etching rate is lowered, and a problem arises that 
the etching shape degenerates. 

At the time of conveying the substrate, the position of the 65 
electrode I 4302 is lowered, as in FIG. 43(b), and the 
substrate is conveyed through the gate valve 4309 and the 



,385 Bl 

2 

substrate conveying port 4310 using an external substrate 
conveyance machine. The bellows 4307 are required in 
order to cause the electrode I 4302 to move. At the time of 
plasma generation, power loss occurs due to high frequency 
current flowing in the bellows 4307, and there is a problem 
that the high frequency output power of the high frequency 
power source 4314 can not be efficiently supplied to the 
plasma. There is also a problem that a complex structure is 
required because the electrode I 4302 is made to move. 
3 A device using electron cyclotron resonance (ECR) is also 
known as a plasma device using microwaves. This device 
enables excitation of high density uniform plasma on a 
substrate, but since the method involves high density plasma 
being excited locally, caused to widely diffuse within the 
5 container and uniformly supplied onto a object to be treated, 
installation of a shower plate is difficult, and it is difficult to 
promptly remove gases that are reaction by-products. 

As a high density plasma device using microwaves, a 
device using a radial line slot antenna is also known 
0 (Japanese patent laid-open No. Hei.8-1 11297). However, if 
this device is put to practical use, it is not always possible 
to cause high density plasma to be generated stably over a 
long period of time. Also, the conditions for causing the 
generation of plasma are not definite. 
15 The object of the present invention is to provide a plasma 
processing device, within a narrow space inside a container 
that enables uniform formation of a high quality thin film on 
a large substrate at a low temperature and at high speed, by 
causing excitation of uniform high density plasma having a 
50 low plasma potential over a large surface area, making 
supply of source material gas uniform, and swiftly removing 
reaction by-product gases by adopting a structure equivalent 
to a shower plate. The invention is applicable to plasma 
55 processing other than an etching plasma process. 

SUMMARY OF THE INVENTION 
A plasma device of the present invention comprises: 
a container, the inside of which can be internally 
decompressed, and part of the inside being formed of a 
first dielectric plate made of material capable of passing 
microwaves with almost no loss, 
a gas supply system for supplying essential source mate- 
rial gas so as to cause excitation of plasma inside the 
container, 

an exhaust system for expelling source material gas 
supplied into the container and decompressing the 
inside of the container, 
an antenna, located facing an outer surface of the first 
dielectric plate and comprised of a slot plate and a 
waveguide dielectric, for radiating microwaves, and 
an electrode for holding a object to be treated located 
inside the container, a surface of the object to be treated 
that is to be plasma processed and a microwave radi- 
ating surface of the antenna being arranged in parallel 
substantially opposite to each other, and the plasma 
device carrying out plasma processing for the object to 
be treated, wherein, 

a wall section of the container outside the first dielectric 
plate is of a material comprising matter having a 
specific conductivity of 3.7xl0 7 Q-Vm -1 or more, or 
the inside of the wall section is covered with this 
material, and 

when thickness of the material is d, the specific con- 
ductivity of the material is a, the magnetic perme- 
ability of the vacuum is fa, and the angular fre- 
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quency of microwaves radiated from the antenna is 
cd, the thickness d is larger than (2/^00)) 1/2 . 
A plasma processing method of the present invention is a 
method using a plasma device comprising a container, the 
inside of which can be internally decompressed, and part of 5 
the inside being formed of a first dielectric plate made of 
material capable of passing microwaves with almost no loss, 
a gas supply system for supplying essential source material 
gas so as to cause excitation of plasma inside the container, 
an exhaust system for expelling source material gas that has 1Q 
been supplied inside the container and decompressing the 
inside of the container, an antenna, located facing an outer 
surface of the first dielectric plate and comprised of a slot 
plate and a waveguide dielectric, for radiating microwaves, 
and an electrode for holding an object to be treated located 
inside the container, a surface of the object to be treated that 
is to be subject to plasma processing and a microwave 
radiating surface of the antenna being arranged in parallel 
substantially opposite to each other, and the plasma device 
carrying out plasma processing for the object to be treated, ^ 
the power density of microwaves to be input being 1.2 
W/cm 2 or more. This method assures stable generation of 
plasma. 

A plasma device of the present invention is provided with 
an electrode I inside a vacuum container, and a substrate to ^ 
be subjected to processing using plasma is mounted so as to 
be connected to this electrode I. Magnetic field applying 
means I and II are provided outside the vacuum container, 
for the purpose of applying a magnetic field to the inside of 
the plasma, and at least some of a gas that has been 3Q 
introduced into the vacuum container is expelled through a 
space between the magnetic field applying means I and II. 

A plasma device of the present invention is provided with 
two parallel plate type electrodes I and II inside a vacuum 
container, and a substrate to be subjected to processing using 35 
plasma is mounted so as to be connected to either the 
electrode I or the electrode II. Means for applying a mag- 
netic field to the inside of the plasma are provided, and the 
electrode II comprises a central section, and an outer section 
connected to a high frequency power source that can be 
controlled independently of a high frequency power source 
connected to the electrode I. 

A plasma device of the present invention is provided with 
an exhaust space formed directly communicating with an 
inlet of a vacuum pump, to the side of a film forming space ^ 
above the substrate, 

A plasma device of the present invention comprises: 
a container, the inside of which can be internally 
decompressed, and part of the inside being formed of a 
first dielectric plate made of material capable of passing 5Q 
microwaves with almost no loss, 
a gas supply system for supplying essential source mate- 
rial gas so as to cause excitation of plasma inside the 
container, 

an exhaust system for expelling source material gas that 55 
has been supplied inside the container and decompress- 
ing the inside of the container, 

an antenna, located facing an outer surface of the first 
dielectric plate and comprised of a slot plate and a 
waveguide dielectric, for radiating microwaves, and 60 

an electrode for holding a object to be treated located 
inside the container, a surface of the object to be treated 
that is to be subject to plasma processing and a micro- 
wave radiating surface of the antenna being arranged in 
parallel substantially opposite to each other, and the 65 
plasma device carrying out plasma processing for the 
object to be treated, wherein, 
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an exhaust space formed directly communicating with 
an inlet of a vacuum pump is provided to the side of 
a film forming space above the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross section of a device relating to embodi- 
ment 1. 

FIG. 2 is a plan view showing one example of a radial line 
slot antenna used in the device of FIG. 1. 

FIG. 3 is the results of a plasma ignition test relating to the 
first embodiment, showing interdependence between micro- 
wave power and chamber material. 

FIG. 4 is the results of a plasma ignition test relating to the 
first embodiment, showing interdependence between plating 
film thickness and microwave frequency. 

FIG. 5 is a cross section of a device relating to embodi- 
ment 1 showing the case where a plating layer is provided 
on an inner surface of the chamber. 

FIG. 6 is a cross section of a device relating to embodi- 
ment 1 showing the case where the inner surface of the 
chamber is covered with a plate member comprising a 
prescribed material. 

FIG. 7 is a cross section of a device relating to embodi- 
ment 2. 

FIG. 8 is an enlarged view of region A in FIG. 7, and 
shows a case where a first dielectric plate comes into contact 
with a first O ring and a metallic thin film 114 is provided 
on a vacuum sealing region. 

FIG. 9 is an enlarged view of region A in FIG. 7, and 
shows a case where the first O ring is enveloped by a 
metallic thin film 5. 

FIG. 10 is a cross section of a device relating to embodi- 
ment 3. 

FIG. 11 is a graph showing the ion saturation current 
density in embodiment 3. 

FIG. 12 is a cross section of a device relating to embodi- 
ment 4. 

FIG. 13 is an enlarged view of region B in FIG. 12. 

FIG. 14 is a graph showing the ion saturation current 
density in embodiment 5. 

FIG. 15 is a cross section of a device relating to embodi- 
ment 7. 

FIG. 16 is a schematic diagram of a tool for confirming 
the presence or absence of plasma excitation in embodiment 

7. 

FIG. 17 is a graph showing a relationship between probe 
voltage and probe current for embodiment 7. 

FIG. 18 is a graph showing a relationship between mini- 
mum discharge power and Ar pressure for embodiment 7. 

FIG. 19 is a partial cross section of a device a device 
relating to embodiment 8, and shows a case where a cover 
plate is used. 

FIG. 20 is a partial cross section of the device relating to 
embodiment 8, and shows a case where a slot is reduced in 
size. 

FIG. 21 is a graph showing the ion saturation current 
density in embodiment 8. 

FIG. 22 is a partial cross section of a device relating to 
embodiment 9, 

FIG. 23 is a partial cross section of a device relating to 
embodiment 10. 

FIG. 24 is a cross section of a device relating to embodi- 
ment 11. 
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FIG. 25 is a cross section of a device relating to embodi- FIG. 51 is a plan view showing an example of a plasma 

ment yi treatment device of the present invention. 

FIG. 26 is a graph showing a relationship between depo- FIG. 52 is a plan view showing an example of a plasma 

sition rate of polymer film and chamber internal wall tem- treatment device of the present invention, 

perature. 5 FIG. 53 is a plan view showing an example of a plasma 

FIG. 27 is a cross section of a device relating to embodi- device of the present invention. 

mC nt 13. FIG. 54 is a plan view showing an example of a plasma 

FIG. 28 is a schematic diagram showing a system when device of the present invention, 

a staged cooler method is adopted in collection and reuse of 1Q FIG. 55 is a drawing showing an example of means for 

fluorocarbon type gas in embodiment 14. applying a high frequency to electrode II. 

FIG. 29 is a graph showing a relationship between aver- fig. 56 is a drawing showing an example of means for 

age binding energy of fluorine gas and the plasma parameter applying a high frequency to electrode II . 

of the fluorine gas for embodiment 15. FIG. 57 is a graph comparing displacement in the related 

FIG. 30 is a graph showing evaluation results of damage 15 arl and this embodiment, 

caused by plasma irradiation ofAUyMgF^ alloy, FIG. 30(a) is i drawing showing the manufacturing flow 

showing before NF 3 plasma irradiation and FIG. 30(6) when procm ci n g a pattern with this embodiment, 

showing after 2 hours of NF 3 plasma irradiation. RG 5p fe & graph ^p^g specific resistance in the 

FIG. 31 is a graph showing distribution of ion saturation re i ate d art and this embodiment, 

current density for embodiment 16. 20 pjQ ^ ^ a schematic diagram showing a combination of 

FIG. 32 is a graph showing distribution of electron a cross G f elements of this embodiment and a 

temperature for embodiment 16. withstand voltage measuring system. 

FIG. 33 is a graph showing distribution of electron FIG. 61 is a graph showing results of measuring withstand 

temperature for embodiment 16. 25 voltage for this embodiment and the related art. 

FIG. 34 is a schematic diagram of a system for measuring pj G 62 is a plan view of a plasma device of the related 

ion current distribution for embodiment 16. art 

FIG. 35 is a schematic showing the structure of a single p JG 63 is a graph showing distribution of film thickness 

probe used in measurement of electron temperature and ms jde the surface of a wafer of silicon oxide film, 
electron density for embodiment 16. 30 FJG ^ ^ a thematic diagram showing a combination of 

FIG. 36 is a graph showing results of plasma etching in ^ crQSS sect j oa Q f elements of this embodiment and a system 

embodiment 17. f or measuring dielectric breakdown injection charge 

FIG. 37 is a schematic diagram showing a combination of amount, 
a cross section of elements of embodiment 18 and a element ^ pj(j 55 j s a graph showing results of measuring dielectric 

withstand voltage measurement system. breakdown injection charge amount. 

FIG. 38 is a graph showing results of withstand voltage p]Q 66 is a graph showing distribution of film thickness 

for embodiment 18. inside the surface of a wafer of direct nitride film. 

FIG. 39 is a graph showing results of analyzing chemical pj G 67 is a graph showing results of a system for 
binding state of a Si surface, using an X-ray photoelectron 40 measurmg barrier properties of a direct nitride film, 

spectroscope, for a silicon nitride film in embodiment 28. piG 68 ^ a graph showmg a relationship between 

FIG. 40 is a schematic diagram showing a combination of am0 unts of oxygen and carbon, and total flow amount of 

a cross section of an element and an element dielectric process gas. 

breakdown injection charge amount measurement system, RG ^ ^ & drawing ^ owing an example of a mask 
for embodiment 28. 45 stmcturc for x ray utnogra phy. 

FIG. 41 is a graph showing results of dielectric break- mQ JQ fe a diagram showing a diamond thin 

down injection charge amount for embodiment 28. fi[m measurement system. 

FIG. 42 is a graph showing results of an X ray diffrac- p]G n ^ & graph showiog the results of evaluating a 
tometer for embodiment 29. 5Q diamond thin film . 

FIG. 43(a-6) is a schematic diagram of a conventional RG ?2 . & & ^ showing depeildeDC c of surface rough- 
magnetron plasma etching device. n ^ of a polycrvstalline si i icoa thin film on total flow 

FIG. 44 is a schematic diagram showing an example of a amo unt. 

plasma device of the present invention. pjrj. 73 ^ a grap h showing dependence of uniformity of 

FIG. 45 is a plan view showing an example of a plasma 55 a glass ^strate surface of a polycrystalline silicon thin film 

device of the present invention. on tota i g as fl ow amount. 

FIG. 46 is a plan view showing an example of a plasma pjQ 74 is a graph showing dependence of crystallite size 

device of the present invention. 0 f polycrystalline silicon on total gas flow amount. 

FIG. 47 is a plan view showing an example of a plasma pj^ 75 is a graph showing dependence of the amount of 

device of the present invention. hydrogen in a polycrystalline silicon film on total gas flow 

FIG. 48 is a plan view showing an example of a plasma amount, 

device of the present invention. FIG. 76 is a graph showing dependence of the specific 

FIG. 49 is a plan view showing an example of a plasma resistance of polycrystalline silicon (P dopant) on total gas 
device of the present invention. 65 flow amount. 

FIG 50 is a plan view showing an example of a plasma FIG. 77 is a graph showing dependence of the in-plane 

treatment device of the present invention. uniformity of a SiNx film on total gas flow amount. 
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FIG. 78 is a graph showing dependence of the withstand 
voltage of a SiNx film on total gas flow amount 

FIG. 79 is a graph showing dependence of the atomic 
level compositional ratio of Si to N in a SiNx film on total 
gas flow amount. 

FIG. 80 is a graph showing dependence of the deposition 
rate of a fluorocarbon film on total gas flow amount. 

FIG. 81 is a graph showing dependence of the deposition 
rate of a fluorocarbon film on total gas flow amount. 

FIG. 82 is a graph showing the dependence of additional 
gas flow on the deposition rate of a BST film. 

FIG. 83 is a graph showing the dependence of the in-plane 
uniformity of wafer of a deposition rate of a BST film on 
additional gas flow. 

FIG. 84 is a cross section of a device manufactured using 
the present invention. 

FIG. 85 is a drawing showing process cluster tools for 
formation of an insulating film and formation of tantalum 
silicide. 

FIG. 86 is a drawing showing distribution of a subthresh- 
old coefiBcient of a tantalum oxide gate insulation film 
MOSFET. 

FIG. 87 is a graph showing initial damage rates of 
samples of the present example and the related art. 

FIG. 88 is a drawing showing in-plane uniformity of a 
tantalum oxide capacitor. 

FIG. 89 is a graph showing displacement of a turbo 
molecular pump. 

FIG. 90 is a plan view showing a practical example of a 
plasma device of the present invention. 

FIG. 91 is a plan view showing a practical example of a 
plasma device of the present invention. 

FIG. 92 is a plan view showing a practical example of a 
plasma device of the present invention. 

FIG. 93 is a drawing showing the layout of a wafer 
conveyance port inside a wafer conveyance chamber of FIG. 
90. 

FIG. 94 is a drawing showing the layout of a wafer 
conveyance port inside a wafer conveyance chamber of FIG. 
90. 

FIG. 95 is a drawing showing the layout of a wafer 
conveyance port inside a wafer conveyance chamber of FIG. 
90. 

DESCRIPTION OF THE NUMERALS 

100 container 

101 chamber 

102 first dielectric plate 

103 waveguide dielectric plate 

104 object to be treated 

105 plasma 

106 antenna slot plate 

107 coaxial tube 

108 antenna guide 

109 electrode 

no, no*, no", in slot 

112 plating layer 

113 plate member 
114, 115 metallic thin film 

116 second dielectric plate 

117 gas inlet 
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118 means 8 for preventing warping of slot plate 

119 cover plate 

120 means 6 for maintaining antenna at fixed temperature 

121 means 7 for maintaining first dielectric plate at fixed 
temperature 

122 means 9 for detecting presence or absence of plasma 
generated in space 2 

123 window formed of material transparent to light 
10 124 light inlet 

125 Xe lamp 

201 radial line slot antenna 

202 first O ring 
15 205 space 3 

206 space 4 

207 space 5 

208 space 1 
, 0 209 space 2 

214 metallic thin film 
216 second O ring 

301 upper glass plate 

302 lower glass plate 

303 middle glass plate 

304 space 6 

305 tungsten wire 

306 aluminum wire covered with ceramic 
30 401 disk-shaped electrode 

402 pin 

403 aluminum wire 

404 resistor 
3S 405 operational amplifier 

406 A-D converter 

407 computer 

408 stepping motor 
40 409 power supply 

501 chamber 

502 plasma 

503 object to be treated 
45 504 electrode 

505 heater 

506 laser 

507 photodetector 
50 601 probe tip 

602 silver wire 

603 ceramic tube 

604 SUS tube 

605 ring seal 
55 606 lobe measurement system 

701 object to be treated 

702 field oxidation film 

703 gate oxidation film 
60 704 gate electrode 

705 probe 

706 voltmeter 

707 voltage applying means 
65 801 object to be treated 

802 field oxidation film 

803 gate nitride film 
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804 gate electrode 

805 probe 

806 voltmeter 

807 constant current source 

808 ammeter 

4301 vacuum container 

4302 electrode I 

4303 base 

4304 gas inlet 

4305 shower plate 

4306 dipole ring magnetron 

4307 bellows 

4308 porous plate 

4309 gate valve 

4310 base conveyance port 

4311 gas outlet 

4312 vacuum pump 

4313 matching circuit 

4314 high frequency power supply 

4406 vacuum container 

4407 electrode I 

4408 base 

4409 focus ring 

4410 shower plate 

4411 electrode II 

4412 gas inlet 

4413 magnetic field applying means 

4414 vacuum pump 

4415 matching circuit I 

4416 high frequency power supply I 

4417 matching circuit II 

4418 high frequency power supply II 

4501 vacuum container 

4502 gas inlet 

4503 magnetic field applying means 

4504 gas outlet 

4505 gate valve 

4601 vacuum container 

4602 gas inlet 

4603 magnetic field applying means 

4604 gas outlet 

4605 gate valve 

4701 vacuum container 

4702 gas inlet 

4703 magnetic field applying means 

4704 gas outlet 

4705 vacuum pump 

4706 gate valve 

4801 vacuum container 

4802 vacuum pump 
4901 vacuum container 
4802 vacuum pump 
5001 vacuum container 

5002, 5003 means for applying magnetic 
container 

5004 electrode I 

5005 electrode II 



20 



25 



30 



5006, 5007 means for expelling source material gas and 
reaction product gas 

5004 electrode I 

5005 electrode II 

5006, 5007 means for expelling source material gas and 

reaction product gas 
5108 means for applying a high frequency 
5204 electrode I 

5206, 5207 means for expelling source material gas and 
reaction product gas 

5301 vacuum container 

5302 source material gas inlet 

5303 vacuum pump 

5304 dielectric plate I 

5305 antenna 

5306 electrode I 

5307 shower plate 

5308 base 

5309 reflector 

5301 vacuum container 

5302 electrode I 

5303 electrode II 

5404 target 

5405 base 

5406 matching circuit I 
5408 high frequency power source I 

5412 matching circuit II 

5413 high frequency power supply II 

5414 means for applying magnetic field 

5410 auxiliary electrode A 

5411 auxiliary electrode B 
5414a magnetic field applying means 

5415 vacuum pump 

5501 electrode Ha 

5502 electrode lib 

5503 target 

5504 high frequency power supply I 

5505 matching circuit I 

5506 high frequency power supply II 

5507 matching circuit 

5508 phase control circuit 
5Q 5601 electrode la 

5602 electrode lb 

5603 target 

5605 matching circuit 

55 DETAILED DESCRIPTION OF THE 

INVENTION 

Best Mode of Practicing the Invention 
(1) In the plasma device of the present invention, an 
60 antenna for irradiating microwaves is provided on the outer 
side of a container, with a first dielectric plate interposed 
between the antenna and the container. Because the first 
dielectric plate is made of a material that can transmit 
field inside the microwaves with almost no loss, it becomes possible to 
65 excite plasma inside the container by irradiating microwaves 
from outside the container, so that the antenna is not directly 
exposed to the source material gas and the reaction 



45 
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bv-product gas. Also, an electrode for holding an object to wall section of the container, and by providing means 2 for 

be treated is provided inside the container, and a microwave preventing the first O ring from being directly exposed to the 

emitting surface of the antenna and a surface of the object to microwaves radiated from the antenna on the surface of the 

be treated that is to be subjected to plasma processing are first O ring, it is possible to achieve a proposed leakage 

arranged opposite to each other and substantially in parallel, 5 amount, prolonged service life of the first 0 ring, and 

which means that it is easy to reduce a space between these reduced microwave loss. 

two surfaces, and it is possible to increase the flow rate of By providing a second dielectric plate having a gas inlet 

source material gas and reaction by-product gas, and to f or substantially uniform supply of a desired gas between the 

swiftly remove the reaction by-product gas. Further, a wall ^ difi]ectric late and an electrode for holding the object 

section of the container other than the first dielectric plate is 1Q fo be ^ {{ ^ pQssible {Q uniformly supply the ^unx 

either a member comprising a material having specific container, and to uniformly remove the 

conductivity higher than that of aluminum, or the outside ol w * 

thTs wall section is covered with the member, and if thick- by-product gas. 

ness of the material is d, the specific conductivity of the This second dielectric plate isolates the vacuum from he 

material is a, the magnetic permeability of the vacuum is^, atmosphere. Accordingly, the antenna does not reside in the 

and the angular frequency of microwaves radiated from the 15 vacuum. If the antenna enters the vacuum, the antenna will 

antenna is w, the thickness d is larger than a skin depth be corroded, and cooling is difficult, 

(invasion length) determined from (l/^aco) 172 . This means ^ second O ring having a function of a vacuum seal is 

that microwaves introduced into the container are subjected located between the inner surface of the second dielectric 

to almost no loss, and can be caused to propagate. As a plalc and me wa tj action of the container, and by providing 

result, plasma can be excited at a low output, and stable 20 mcans 3 f or preV enting the second 0 ring from being 

plasma excitation becomes possible. directly exposed to the microwaves radiated from the 

A first O ring having a function of a vacuum seal is located an t en na on an inner surface or an outer surface of the second 

between the inner surface of the first dielectric plate and the dielectric plate, it is possible to prevent leakage, prolong the 

wall section of the container, and by providing a member g^y^ jjf e c f tDe second O ring, and reduce microwave loss, 

formed of a conductive means as means I for preventing the 25 ^ fe 

first O rine from being directly exposed to the microwaves A seconu w nug uaviu^ aiuu^ w , - 

fad a?edTomSe antLa at leastat a surface of the first located between the inner surface of the second diekctnc 

dielectric plate coming into contact with the O ring, leakage plate and the wall sec ion of the container, an by provid ng 

is prevented, and it is possible to increase the service life of means 4 for preventing the second O ring from being 

the O ring and reduce microwave loss. In plasma devices 3Q directly exposed to the microwaves radiated from the 

using microwaves, leakage occurred easily. The inventor of antenna on the surface of the second O rmg, it is possible to 

this application has been painstakingly searching for the prevent leakage, prolong the service life of the second O 

reason why leakage occurs easily when microwaves are ring, and reduce microwave loss. 

used and has discovered that the cause lies with the O ring. By selecting a material having a dielectric loss angle tan 

Specifically, the O ring absorbs microwave energy, with 35 6 less than 10~ 3 as the material of the first dielectric plate or 

the result that the O ring becomes overheated. Also, the the second dielectric plate, it becomes possible to cause 

surface becomes molten. If the O ring overheats and the microwaves radiated from the antenna positioned outside the 

surface melts, leakage will occur. The above describes the container to be transmitted with virtually no loss, and it is 

reason why leakage occurs easily when microwaves are possible to achieve a reduction in microwave loss, 
used, and the inventor of this application was the first to ^ The frequency of the microwaves fed to the antenna is at 

discover this. In the case where microwaves were used, it least 5.0 GHz, and if the distance of a space 1 between the 

was not foreseen that the O ring would be exposed to such first dielectric plate and the second dielectric plate is less 

high temperatures. It is possible to prevent overheating of than 7 mm, plasma excitation is not caused in the space 1, 

the O ring and melting of the surface due to the provision of and there is no generation of reaction by-products caused by 
a thin film, formed of a conductive material (for example a 45 discharge. Accordingly, it becomes possible to avoid a 

metallic material), on at least a surface of the first O ring that phenomenon where reaction by-products disturb the supply 

comes into contact with the first dielectric layer. This thin of source material gas. It is also possible to prevent any 

film formed of a conductive material can be provided by detrimental affect on processes such as formation of the thin 

applying a film on the first dielectric plate, and can be film on the object to be treated, nitriding or oxidation of the 
provided by coating the dielectric film using painting, vapor 50 object to be treated, or etching of the object to be treated, etc. 

deposition or another method. As the conductive material, it by the reaction by-products. 

is possible to use titanium, for example. By providing means 5 for generating a differential pres- 

Also, a thin film made of a conductive material is pref- sure so that a pressure 1 of space 1 between the first 

erably provided on the surface of the O ring. Titanium dielectric plate and the second dielectric plate is higher than 
coating can also be carried out in this case. Material having 55 a pressure 2 of space 2 where an electrode for holding the 

low dielectric loss is preferably used in the O ring itself object to be treated is located, and is surrounded by the 

constituting a foundation. For example, BAITON (Trade second dielectric plate and a wall section of the container 

name) can be used. other than the second dielectric plate, there is no generation 

This thin film is preferably formed of a material having a of reaction by-products due to discharge. The differential 
specific conductivity of at least 3.7xl0 7 Q^m" 1 , and 6 o pressure can be easily provided by varying the pressure of 

preferably has a thickness of at least 10 /mi. By providing a the source material gas and the degree of vacuum inside the 

thin film having such specific conductivity and thickness, container. 

leakage is reduced still further, the service life of the O ring By making the slots, positioned in a section where the 

is increased and it is possible to provide a plasma device density of plasma generated in the space 2 is locally high, 
with low microwave loss. 65 smaller in diameter than the remaining slots, screening the 

Afirst O ring having a function of a vacuum seal is located slot, or not providing the slot at all, the output power of the 

between the inner surface of the first dielectric plate and the microwaves is partially reduced m the slot plate functioning 
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as a radiating surface of the microwaves and it is possible to provided in the exhaust system, the temperature within the 

make the plasma density more uniform. The position where exhaust system is raised by this structure and it is possible 

the plasma density becomes locally high is changed depend- to prevent reaction byproducts being attached to internal 

ing on device conditions etc., which means, for example, walls of the units. 

that it is best to initially carry out trials with the same slot 5 If a structure is provided for heating the object to be 

diameter, and to find out the part where plasma density treated, it is possible to compensate for insufficient energy 

becomes locally high using this test. during plasma ion exposure by raising the temperature of the 

In the present invention, a space is formed between an object to be treated, 

antenna and a first dielectric plate. In a plasma device of the If a structure for carrying out recovery and recycling of 

related art using microwaves (for example Japanese Patent 10 fluorocarbon type gas is provided downstream of the exhaust 

laid-open No. Hei. 8-111297) the antenna and the first system, it is possible to carry out recycling by adopting a 

dielectric plate are stuck together. The antenna usually has a staged cooling system to gradually cool from a high boiling 

thickness in the region of 0.3 mm, and is formed of a copper point gas through liquefaction, distillation and purification 

plate. However, experimentation carried out by the present to a liquid. 

inventor indicates that in the case of using microwaves the is 0 f the container can be cleaned by causing 

antenna reaches a high temperature in the region of 150° C, generation of a plasma inside the container having high ion 

and the thickness of the antenna is locally reduced accom- radical density and low plasma potential. The inside of the 

panying expansion in due to the heat. As a result, the container at this time can preferably be made of an alloy 

radiating characteristics of microwaves from the antenna exhibiting extremely good plasma resistance (AlF-j/Mgiy. 

change and the plasma become non-uniform. 20 gy providing an electrode having the function of holding 

In the present invention the antenna and the first dielectric the object to be treated with means for applying a d.c. bias 

plate are not stuck together and a space is formed between and/or and a.c. bias, it is possible to increase the ion energy 

the two, which means that a spacer formed of an elastic body radiated to the object to be treated. For example, when 

touching the antenna can be interposed in this space, and adopted plasma etching, it is possible to realize high speed 

localized deflection of the antenna does not occur, even if 25 etching with good uniformity. 

there is expansion due to heat, and it is possible to obtain a Using the plasma device of the present invention, it is 

stable plasma It is possible to use, for example, silicon possible to uniformly carry out etching processing, direct 

rubber, TEFLON (trade name) etc. as the spacer formed of oxidation processing and direct nitriding processing on the 

an elastic member 3o surface of an object to be treated having a large surface area, 

Also, if means for supplying a heating medium is con- anc j uniform film formation at low temperature and high 

nected to this space, a heating medium can be supplied into speed is possible. 

the space, and it is possible to cool the antenna. By cooling ( 2 ) pjQ 44 is a schematic drawing showing an example 

the antenna it becomes possible to prevent deflection of the 0 f a plasma device of the present invention. FIG. 44(a) is a 

antenna due to heat without using the spacer. Obviously, it ^ p i an v j ew looking from above the device, while FIG. 44(b) 

is also possible to cool the antenna using the spacer. ^ a cross section through line A — A in FIG. 44(a). 

Supply of the heating medium into the space formed by i 0 fig. 44, reference numeral 4406 is a vacuum container, 

the antenna and the first dielectric plate is one function of the reference numeral 4407 is an electrode I, reference numeral 

means 6 for cooling the antenna, but besides the means 6 it 4493 ^ a substrate, reference numeral 4409 is focus ring, 

is possible to form a passage in an antenna guide, and to ^ reference numeral 4410 is a shower plate, reference numeral 

connect a line for supplying a heating medium to this 44^ ^ an electrode II, reference numeral 4412 is a gas inlet, 

passage. reference numeral 4413 is magnetic field applying means, 

By providing means 7 for cooling the first dielectric plate reference numeral 4414 is a magnetic pump, reference 

close to the first dielectric plate, source material gas to be numeral 4415 is a matching circuit I, reference numeral 

supplied can be supplied onto the surface of the object to be 45 441 6 is a high frequency power supply I, reference numeral 

treated while being maintained at a fixed temperature. Also, 4417 is a matching circuit II and reference numeral 4418 is 

using the means 7 bending of the slot plate is prevented, a high frequency power supply II. 

microwaves can be radiated to the inside of the container i n tne pias ma device of FIG. 44, a dipole ring magnet 

with almost no loss and it is possible to cause excitation of having a plurality of permanent magnets aligned in an 

stable plasma. 50 annular shape are used as magnetic field applying means 

By providing means 8 for preventing bending of the slot 4413, as shown in the drawing. The permanent magnets 

plate, a highly efficient parallel beam of microwaves can be constituting the dipole ring magnet are aligned so that a 

radiated to the inside of the container which means that it is direction of magnetization passes through one rotation as the 

possible to cause excitation of stable plasma. magnet positions go halfway round. 

By providing means 9 for detecting the presence or 55 Gas introduced from the gas inlet 4412 is discharged into 

absence of plasma generated in the space 2, it is possible to a process space from a plurality of small holes of the shower 

prevent the inside of the container and the object to be p i a t e 4410. This introduced gas, and reaction product gas 

treated etc, being carelessly heated by microwaves radiated discharged from a substrate surface, is expelled from a 

from the antenna, and to thus prevent damage. plurality of vacuum pumps 4414 to the outside via a space 

Since a structure is provided inside the container for 60 interposed between the magnetic field applying means 

respectively raising the temperature of the container wall 4413a and 4413& to the side of the substrate. A compara- 

surface and the outer part of the object to be treated to at lively wide space is provided in an upper part of the vacuum 

least 150° C, emitted gas that hinders the process is reduced, pump 4414 so as to cause the gas conductance to be lowered, 

and it is possible to prevent reattachment of reaction A projection surface of the upper section of the vacuum 

by-products. 65 container 4406 is shown in FIG. 44(a). The vacuum con- 

If a structure (for example a heater) for raising the tainer 4401 has a shape close to a square, and four vacuum 
temperature within units constituting an exhaust system is pumps 4402 are provided in the comers of this vacuum 
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container 4401. In this way, if exhaust is carried out by a vacuum container 4702. Apart from this, the plasma device 

plurality of vacuum pumps aligned around the substrate is the same as that described in FIG. 44. The footprint of the 

substantially axisymmetrical to an axis perpendicular to the plasma device including the vacuum container 4701 and the 

substrate surface and running through the center of the vacuum pump 4705 is larger, but the size of the vacuum 

substrate, uniform gas flow can be realized in a rotational 5 container 4701 becomes a minimum. This is suitable for the 

direction' above the substrate, without causing hardly any case when the stroke of a substrate conveyance arm is 

lowering of gas conductance. That is, it becomes possible to restricted and when there are restrictions on the size of the 

cause a large amount of gas to flow up to a value close to the vacuum container. 

tolerance of the vacuum pump, and it is possible to handle i n the plasma device of FIG. 48, a four vacuum pumps 

an ultra high speed process for a large diameter substrate. 10 4802 are respectively provided in each of upper and lower 

Here, the electrode II 4411 is a ring shaped metallic plate, sections of the vacuum container 4801, making eight 

and is provided so as to allow improvement of in-plane vacuum pumps in total. In this way, if the number of vacuum 

uniformity of plasma close to the surface of the substrate pumps is increased, the load imposed on each vacuum pump 

4408. High frequency power output from the high frequency is reduced and the vacuum pumps can be made smaller, 

power supply II 4418 is applied to the electrode II 4411 15 which means that it is possible to make the footprint of the 

through the matching circuit II 4417. If a balance of electron plasma device smaller. Remaining sections are the same as 

drift on the surface of the electrode II 4411 and the electron in the description for FIG. 44. 

drift on the surface of the substrate 4408, caused by a The plasma device of FIG. 49 has comers of the upper 

magnetic field applied by application of appropriate high section of the vacuum container 4901 rounded off. Within a 

frequency power to the electrode II 4411, is obtained, 20 S p ace inside a vacuum container 4901 above the vacuum 

plasma close to the surface of the substrate 4408 is made pump 4902, unnecessary portions where gas flow is slow are 

almost totally uniform. If uniformity of the plasma surface reduced in size, which means that the atmosphere within the 

close to the surface of the substrate 4408 is good with vacuum container 4901 is further purified, 

application of high frequency to the electrode II 4411, or if pj G 5 q j s a p i an y| ew showing an example of a plasma 

no problem arises even with nonuniformity, it is not par- 25 p rocess i n g device of the present invention. Means for apply- 

ticularly necessary to provide the electrode II 4411. mg a ma g ne tic field inside a container 5002 and 5004 are 

In the plasma device of FIG. 43, the shower plate 4305 is provided outside a vacuum container 5001. Since the means 

grounded, but it does not necessarily need to be grounded 5002 and 5003 are divided top and bottom, the substrate can 

and it does not matter if a high frequency is applied. Also, be conveyed without having to move an electrode 1 5004 for 

it does not matter of a shower plate is not used and gas is mounting the substrate to be processed up and down. The 

discharged from another section. plate type electrode I 5004 is parallel to a plate type 

FIG 45 is a plan view showing an example of a plasma electrode II 5005, which is electrically grounded, and pro- 
device of the present invention. Reference numeral 4501 is vided with a shower plate as means for introducing source 
a vacuum container, reference numeral 4502 is a gas inlet, 35 material gas. Reference numerals 5006 and 5007 are means 
reference numeral 4503 is a magnetic field applying means, for expelling reaction product gas, and are configured so that 
reference numeral 4504 is a gas outlet, and reference the gas is discharged to the outside through a space formed 
numeral 4505 is a gate valve. A surface of the vacuum between the magnetic field applying means 5002 and 5003. 
container 4501 projecting from an upper part is approxi- FIG. 51 is a plan view showing an example of a plasma 
mately triangular in shape, and three vacuum pumps are ^ processing device of the present invention. A plate type 
placed in the corner sections. Other aspects of the plasma electrode I 5104 is parallel to a plate type electrode II 5105 
device are the same as the at described for FIG. 44. With the which is connected to means 5108 for applying a high 
plasma device of FIG. 45, a distance between a gate valve frequency independently of electrode I, and has a shower 
4505 and the substrate is smaller than in the plasma device plate as means for introducing source material gas. Refer- 
shown in FIG. 44. This is suitable for the case when the 45 ence numeral 5106 and 5107 are means for expelling source 
stroke of a substrate conveyance arm is restricted. material gas and reaction product gas to the outside. 

FIG. 46 is a plaD view showing an example of a plasma FIG. 52 is a plan view showing an example of a plasma 

device of the present invention. Reference numeral 4601 is processing device of the present invention. An electrode I 

a vacuum container, reference numeral 4602 is a gas inlet, 5204 is provided, and there is a shower plate as means for 

reference numeral 4603 is magnetic field applying means, 50 introducing source material gas. Reference numerals 5206 

reference numeral 4604 is a gas outlet, and reference and 5207 are means for expelling source material gas and 

numeral 4605 is a gate valve. Two vacuum pumps are placed reaction product gas, and are constructed to discharge gas to 

in the vacuum container 4602. Apart from this, the plasma the outside. 

device is the same as that described in FIG. 44. With the The plasma device of FIG. 53 has a vacuum container 

plasma device of FIG. 46, similarly to the device of FIG. 45, 55 5301, a source material gas inlet 5302 required to generate 

a distance between a gate valve 4505 and the substrate is plasma inside the container, and a vacuum pump 5303 for 

smaller than in the plasma device shown in FIG. 44. This is expelling source material gas that has been introduced into 

suitable for the case when the stroke of a substrate convey- the container. Part of a wall section constituting the con- 

ance arm is restricted and when there is a margin in the expel tainer is a dielectric plate I 5304 formed of a material 

capacity of the vacuum pump. 60 capable of transmitting microwaves with substantially no 

FIG. 47 is a plan view showing an example of a plasma loss, and an antenna 5305 for radiating microwaves and an 

device of the present invention. Reference numeral 4701 is electrode I 5306 for mounting a substrate 5308 to be 

a vacuum container, reference numeral 4702 is a gas inlet, processed inside the container are provided outside the 

reference numeral 4703 is magnetic field applying means, container, sandwiching the dielectric plate L The microwave 

reference numeral 4704 is a gas outlet, reference numeral 65 radiating surf ace of the antenna and a surface of the substrate 

4705 is a vacuum pump, and reference numeral 4706 is a that is to be plasma treated are arranged opposite each other 

gate valve. Two vacuum pumps are placed sideways in the and substantially parallel. Here, conveying of radiated 
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microwaves to the outlet side is prevented, and a reflector 
5309 is preferably provided only above the substrate, for the 
purpose of causing uniform plasma generation. 

Also, the electrode I for mounting the substrate can be 
grounded, or it is also possible to provide means for apply- 5 
ing a d.c. bias or an a.c. bias. Further, in order to make 
introduction of source material gas uniform and to swiftly 
remove reaction product gas, the source material gas of this 
device is introduced from a plurality of small holes through 
a shower plate 5307 to a process space. This source material 10 
gas and reaction product gas are expelled to the outside by 
a plurality of vacuum pumps 5303. A comparatively wide 
space is provided in an upper section of each vacuum pump 
so as not to cause lowering of the gas conductance. In this 
way, if gas is expelled from a plurality of vacuum pumps 15 
aligned substantially equal distances apart to the side of the 
substrate, it is possible to realize gas flow above the sub- 
strate uniform in a rotational direction without lowering the 
gas conductance hardly at all. That is, it becomes possible to 
cause a large amount of gas to flow close to the capacity of 20 
the vacuum pump, and it is possible to handle ultra high 
speed processing of large diameter substrates. 

The plasma device of FIG. 54 is provided with two 
parallel plate type electrodes electrode 1 5402 and electrode 
II 5403 inside the vacuum container 5401 . A gate valve 5404 25 
and a substrate 5405 on which a film is to be deposited are 
respectively mounted on the electrode II and the electrode I. 
Source material gas is then introduced into the container, and 
matching circuit I 5406, matching circuit II 5412, high 
frequency power supply I 5408 and high frequency power 30 
supply II 5413 are connected for the purpose of applying 
high voltage to the electrode I and the electrode II. Means 
5414 for applying a magnetic field to at least a target surface 
is provided outside the container. An auxiliary electrode A 
5410 is provided at a region further out than the outer edge 35 
of the target for the purpose of making the density of plasma 
generated close to the surface of the target uniform. Means 
for adjusting a junction impedance provided at a portion 
electrically connected to the electrode II is attached to the 
auxiliary electrode A 5410. At the region further out than the 40 
outer edge of the target, an auxiliary electrode B 5411 for 
applying a high frequency power separately and indepen- 
dently of a high frequency applied to the electrodes I and II 
is provided at a position separated from the substrate and 
electrode II, also for the purpose of making the density of 45 
plasma generated close to the surface of the target uniform. 
However, as an alternative to providing the auxiliary elec- 
trode B it is possible to employ a method for relieving 
plasma deviation caused by the magnetic field, by making 
the pressure inside the container at the time of plasma 50 
generation a high pressure (1 — several tens of Torr). Further, 
even if the auxiliary electrode A or auxiliary electrode B is 
not provided, there is no need to specially provide the 
auxiliary electrode A and B in cases such as when in-plane 
uniformity of plasma close to the surface of the substrate is 55 
satisfactory, or where no problem occurs even with non- 
uniformity. The gas that has been introduced into the con- 
tainer passes through means 5414a and 5414B for applying 
a magnetic field to the side of a substrate and is discharged 
to the outside from a plurality of vacuum pumps 5415. At an 60 
upper portion of the vacuum pumps, there is provided a 
comparatively wide space so as to prevent lowering of the 
gas conductance. Also, it does not matter if the arrangement 
of the vacuum pumps is the same as that shown in FIG. 
45-FIG. 49. It is also permissible to use another magnetic 65 
field applying means for applying the magnetic field. In this 
plasma device, plasma density is raised using a magnetic 
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field, but there is no problem in using other means, and it is 
permissible to not use anything when there is no need to 
raise plasma density. 

Still further, the electrode II being the electrode for 
holding the target can be divided into two equal halves, with 
a high frequency being respectively applied to the divided 
halves. However, the phases of the two high frequencies at 
this time are 180° out of phase with each other and it is 
necessary to provide means so that discharge does not occur 
between electrode la and electrode lib. However this method 
is restricted to when the target is an insulating material, and 
when the target is conductive the substrate itself must be 
divided to match up with the electrode II. By using this 
method, since it becomes possible to keep the plasma 
potential low, the ion collision energy to the target can be 
reduced and it is confirmed that better quality films can be 
formed. It is also possible to use either of the following two 
methods as means of applying to the electrode II. 

(a) FIG. 55 shows a first method. A high frequency power 
supply I 5504, matching circuit I 5505, high frequency 
power supply II 5506 and matching circuit II 5507 are 
connected to divided electrodes Ha 5501, electrode lib 5502, 
for respectively applying a high frequency to the target 
5503, electrode Ha and electrode lib, and the phases of the 
two high frequencies are made opposite and introduced by 
connecting a phase adjustment circuit 5508 to the electrode 
lib side. 

(b) FIG. 56 shows a second method. Reference numeral 

5601 represents a divided electrode Ila. Reference numeral 

5602 represents electrode lib and reference numeral 5603 
represents a target. High frequency oscillations from the 
high frequency power supply 5604 propagate to the match- 
ing circuit 5605 and are grounded through a balanced/non- 
equilibrium circuit (balance). Using this circuit, high fre- 
quency having mutually reversed phase is introduced. 

(3) Taking FIG. 53 as an example, the plasma device of 
the present invention is provided with the exhaust space 
5315 formed directly contacting the intake port 5314 of the 
vacuum port 5303, to the side of the film forming space 5313 
above a substrate 5308. 

By providing the exhaust space 5315, being a compara- 
tively wide space, to the side of the film forming space 5313, 
source material gas that has been introduced from outside, or 
reaction product gas, is expelled without lowering the gas 
conductance, and it is possible to make a large amount of gas 
flow, close to the capacity of the vacuum pump. 

This exhaust space 5315 is preferably provided at a 
number of places, and in this case the spaces are preferably 
arranged at positions symmetrical around the substantial 
center of the substrate 5308. If a plurality of such spaces are 
symmetrically provided, the above described effects are 
even more remarkable. 

The height b of the exhaust space 5315 is preferably as 
large as is practicable. 

The width L of the exhaust space 5315 is preferably at 
least two times the height a of the film formation space 5313. 
The uniformity of the gas flow is dramatically improved by 
the fact that the width L is two times the height a. 

Embodiments 

A plasma device of the present invention will be described 
in the following, with reference to the drawings, but the 
present invention is not limited to these embodiments. 
(Embodiment 1) 

In this embodiment, when plasma is generated by intro- 
ducing microwaves into a container using the plasma device 
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shown in FIG. 1, the plasma stability is examined by varying 
the material of a member constituting an inner surface of the 
container, and the width of the member. 

In FIG. 1, reference numeral 100 is a container capable of 
having its internal pressure reduced, reference numeral 101 
is a chamber, reference numeral 102 is a first dielectric plate, 
reference numeral 103 is a waveguide dielectric plate, 
reference numeral 104 is an object to be treated, reference 
numeral 105 is plasma, reference numeral 106 is an antenna 
slot plate, reference numeral 107 is a coaxial tube, reference 
numeral 108 is an antenna guide, reference numeral 109 is 
an electrode, reference numeral 110 is a slot, reference 
numeral 201 is a radial line slot antenna, reference numeral 
202 is a first O ring, reference numeral 205 is a space 3, 
reference numeral 206 is a space 4 and reference numeral 
207 is a space 5. 

In FIG. 1, the container capable of having the internal 
pressure reduced 100 comprises a chamber 101 (material: 
SUS), a first dielectric plate 102 (material: quartz), and first 
O ring 202 functioning as a seal between the chamber 101 
and the dielectric plate 102. The inside of the container 100 
can be decompressed by an exhaust system, not shown, and 
the container 100 itself is electrically grounded 

A radial line slot antenna 201, comprising the antenna 
guide 108 (material: Al), the antenna slot plate 106 
(material: Cu) and the waveguide dielectric plate 103 
(material: quartz), is located outside the container 100. 
Microwaves are introduced into the antenna 201 through the 
coaxial tube 107 (material: Cu), conveyed in a radial direc- 
tion while leaking out from each slot 110 provided in the 
antenna slot plate 106, and radiated to the inside of the 
container 100. Gas is made to flow into the container 100 
from a source material gas supply system , not shown, and 
plasma 105 is excited. There is an electrode 109 having the 
function of holding an object to be treated 104 inside the 
container 100, and the electrode 109 is located so that it is 
parallel to and opposite the antenna 201 and functions to 
heat the object to be treated. Also, the electrode 109 is 
capable of being made to move upwards and downwards 
from outside the container 100, and the distance from the 
first dielectric plate 102 can be varied from approximately 
10 mm to 60 mm. 

FIG. 2 is a schematic plan view of the radial line slot 
antenna 201 shown in FIG. 1 looking from above. Hole 
sections (hereafter referred to as slots) 110 penetrating 
through antenna slot plate 106 are arranged in the slot plate, 
but the arrangement of the slots 110 is not limited to that 
shown in FIG. 2. 

The slots 110 are configured having two slots Ilia and 
1116 constituting a single pair, and the two slots in a pair are 
arranged al right angles to each other at a distance of a 
quarter of a wavelength Xg of an incident wave passing 
through the coaxial tube 107 to the antenna 201. The pairs 
comprised of a slot Ha and a slot life, namely the slots 110, 
are each capable of outputting circularly polarized electro- 
magnetic waves, and a plurality of slots 110 are numerously 
concentrically provided. Besides the concentric arrangement 
the slots 110 can also be arranged spirally. Although this 
embodiment is not limited to this concentric arrangement, 
the slots 110 are provided in this way so as to uniformly 
radiate electromagnetic waves within a large surface area. 

The present invention is not limited to radiation of con- 
centrically polarized electromagnetic waves, and it is pos- 
sible to use linear polarization, but concentric polarization is 
preferred. 

Reference numeral 107 is a coaxial tube for supplying 
microwaves to the antenna slot plate 106, and is connected 
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to a microwave power supply through a coaxial tube — 
waveguide converter, not shown, a waveguide and a match- 
ing circuit. 

There is also a need for means for conveying the object to 
be treated 104 into and out of the chamber 101, but this is 
omitted from FIG. 1. 

In this example, microwaves (frequency=8.3 GHz) are 
introduced to the radial line slot antenna 201 using the 
coaxial tube 107, electromagnetic waves are radiated from 
the antenna 201 and plasma 105 is excited inside the space 
5 of the chamber 100. However, There was no excitation of 
plasma 105 within the space 5 (207) with the SUS chamber 
101. 

Accordingly, plating layers (7) comprising lead, tantalum, 
tungsten, aluminum, gold, copper and silver are coated on an 
inner surface of the SUS chamber 101 and the above 
described plasma ignition test was carried out. At this time, 
as the process gas Ar gas was used, and gas pressure was 500 
mTorr. 

FIG. 3 shows the results of the plasma ignition test. At this 
time, the thickness of the plating needs to be thicker than a 
skin depth determined from d=(2//* 0 cra>) 1/2 of the 
microwaves, which means about 10 //m. From FIG. 3, it is 
understood that if the specific conductivity of the material of 
the inner surface of the chamber 101 is made high, then it is 
easy for plasma excitation to take place. The results of this 
test show that at the instant microwaves are introduced into 
the container 100 the container starts to act as a resonator, 
and since a strong electric field is required in the plasma 
ignition test the q value of the resonator must be made high. 

FIG. 4 shows results when an aluminum plating layer is 
provided on the inner surface of the SUS chamber 101 and 
a plasma ignition test is carried out by varying the thickness 
of the plating layer and the wavelength of microwaves 
introduced to the antenna 201. From FIG. 4 it can be 
confirmed that at the time when the thickness of the alumi- 
num plating layer is thicker than a skin depth of 1.67 /mi 
determined from microwave d=(2//< 0 aa>) 1 /i, in the case of the 
frequency of the microwaves being 2.45 MHz, and that at 
the time when the thickness of the aluminum plating layer is 
thicker than a skin depth of 0.89 ftm detenriined from 
microwave d=(2/ i « 0 oo)) 1 ^, in the case of the frequency of the 
microwaves being 8.3 MHz, plasma is stable. 

Here, fa is permeability of vacuum, a is conductivity of 
the material in question, and to is the angular frequency of 
the microwaves. 

From the results described above, the following points 
become clear. 

1) When the material of the member constituting the inner 
surface of the container is SUS, conductor loss is large and 
ignition is difficult. 

2) By replacing the material of the member constituting 
the inner surface of the container for high conductivity 
material, the Q value of the resonator becomes compara- 
tively high and the problem of difficult ignition does not 
arise. 

3) When a material having conductivity of at least the 
conductivity of aluminum (3.7xl0 7 [Q'^m -1 ]) is used as 
for the inner surface of the chamber 101, the plasma 
becomes stable, and copper, gold, silver etc. are suitable as 
such as material. 

A device incorporating the above results can be as shown 
in FIG. 5 and FIG. 6. The device of FIG. 5 differs from the 
device in FIG. 1 in that an aluminium plating film 112 is 
coated to a thickness of 10 fim on the inner surface of the 
SUS chamber 101. The device of FIG. 6 is different from the 
device of FIG. 1 in that it uses a plate member 113 
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comprised of the above described material (having a thick- 
ness greater than the skin depth determined from the 
microwaves) and the inner surface of the chamber is cov- 
ered. It can be confirmed that the devices of FIG. 5 and FIG. 
6 are the same with respect to plasma stability. 
(Embodiment 2) 

In this embodiment, the device of FIG. 5 is different from 
embodiment 1 in that a metallic thin film 114 is provided at 
a vacuum seal region where the first dielectric plate 102 
(material: quartz) contacts a first O ring 202, as shown in 
FIG. 7, and the first O ring is not exposed to electromagnetic 
waves radiated from the antenna slot plate 106. Fluorine 
type resin is used as the material for the first O ring. 

FIG. 8 is an enlarged view of region A in FIG. 7, and 
shows the case where the metallic thin film 114 is provided 
at a vacuum seal region where the first dielectric plate 102 
(material: quartz) contacts a first O ring 202. 

When the first O ring is made of a material such as resin 
that absorbs microwaves, it is directly heated by electro- 
magnetic waves radiated from the antenna slot plate 106m as 
a result of discharge over a long time and it will be 
understood that damage will occur. 

Therefore, metallic thin films each having a thickness of 
10 //m and respectively being aluminium, nickel, and copper 
are provided at the vacuum seal region where the first 
dielectric plate 102 contacts the first O ring 202, as the 
metallic thin film 114. This thickness of 10 ^m was validated 
in embodiment 1, and is a thickness value larger than the 
skin depth determined from microwave d-(2/ i wOaw) 1/2 that 
can sufficiently reflect microwaves. A durability test of the 
first O ring 202 was carried out using a device provided with 
this type of metallic thin film 114. The results showed that 
when nickel (conductivity: 1.4xl0 6 [Q-^m -1 ]) was used, 
conductivity was low so microwaves were not sufficiently 
reflected, the power of the microwaves was subject to heat 
loss and the first O ring was excessively heated and damaged 
after a discharge time of 2-3 hours. On the other hand, in the 
case where a comparatively high conductivity material such 
as aluminum (conductivity: 3.7xl0 7 [Q^m -1 ]) or copper 
(conductivity: 6.0xl0 6 [Q" 7 »m -1 ]) was used, damage to the 
first O ring could not be confirmed even after a discharge 
time of 100 hours. 

Consequently, it has been found that the metallic film 114 
should have high conductivity and high adhesion to the first 
dielectric plate 102. It also goes without saying that it is 45 
necessary for the thickness of the metallic thin film 114 to be 
thicker than the skin depth determined from microwave 

dK2Ko*o) 1/2 . 

FIG. 9 is an enlarged view of region A in FIG. 7 and 
shows the case where in place of the metallic thin film 114 
the first O ring 202 itself is coated with a metallic thin film 
115 having the same function as the metallic thin film 114 
provided in the first dielectric plate 102. In this way, by also 
coating the first O ring 202 itself with the metallic thin film 
115 the same effects as for the device of FIG. 8 can be 
obtained. Also in the case where the first O ring 202 is made 
of metal, the above problem is solved. 
(Embodiment 3) 

In this embodiment, as shown in FIG. 10, a device 
provided with a second dielectric plate 116, having a gas 
inlet 117 for supplying desired gas in a substantially uniform 
manner provided between the first dielectric plate 102 and 
the electrode 109 for holding the object to be treated 104, 
was used, and the uniformity of plasma 105 generated in the 
space 2 (109) was examined. 

FIG. 10 shows the device incorporating the results of the 
second embodiment, and aluminum (Al) was coated to a 
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thickness of 10 /*m as a metallic thin film 114, at a region for 
vacuum sealing where the first dielectric plate 102 comes 
into contact with the first O ring 202. A1N (aluminium 
nitride) was used as the second dielectric plate 116 shown in 
FIG. 10. Since aluminium nitride contains nitrogen, it is 
characterized by the fact that there is less discharge gas 
compared to quartz. 

In the device of FIG. 10, Ar gas was introduced into space 
1 (208) as a plasma gas, and uniformity of plasma 105 
generated in the space 2 (209) as a result of introducing 
microwaves to the antenna 201 was evaluated in order to 
study the ion saturation current density. At this time, the gas 
pressure of the space 2 (209) was 50 mTorr, and the power 
of microwaves input to the antenna 201 was 1600 W. 

FIG. 11 is a graph showing the results of studying 
saturated electron current density. In FIG. 11, the mark ■ 
represents the case when the second dielectric plate 116 
having the gas inlet 117 is provided, the mark • represents 
the case where the second dielectric plate 116 is not 
provided, and the mark A represents the case where the 
second dielectric plate 116 is provided without the gas inlet 
117. 

From FIG. 11 is will be understood that by providing the 
second dielectric plate 116 having the gas inlet 117 the 
plasma is made uniform. In the case where the gas inlet 117 
is not provided (mark A) there is no reaction accelerator for 
causing plasma excitation inside the container [namely the 
space 2 (209)), which obviously means that there will be no 
plasma excitation. 

By providing this type of second dielectric plate 116 it is 
possible to supply source material gas uniformly onto a 
surface of an object to be treated 104 having a diameter 
greater than 300 mm which was impossible in the related art, 
and it is also possible to uniformly remove generated 
reaction by-product gas from the object to be treated 104. 

With the above described second dielectric plate 11 6, gas 
inlets 117 are arranged so that there are an equal number per 
unit surface area, but this arrangement is not limiting and it 
is possible to arrange them as conditions demand. 
(Embodiment 4) 

In this embodiment, the plasma device of FIG. 10 is 
provided with a metallic thin film 214 at a region for vacuum 
sealing where the second dielectric plate 116 (material: 
aluminium nitride) comes into contact with the second O 
ring 216, and the effect of preventing the second O ring 216 
being exposed to electromagnetic waves radiated from the 
antenna slot plate 106 was evaluated. Aluminium (Al) 
having a thickness of 10 t*m was used as the metallic thin 
film 214, and fluorine type resin was used as the second O 
ring 216. 

FIG. 13 is an enlarged view of region B in FIG. 12. 

Apart from this point, embodiment 4 is the same as 
embodiment 2. 

Similarly to embodiment 2, the extent of damage to the 
second O ring 216 was evaluated. These results show that in 
the case where the metallic thin film 214 is provided, 
similarly to the case where the metallic thin film 114 of 
embodiment 2 is provided, there was no damage to the 
second O ring 216 even after a discharge time of 100 hours. 

Also, similarly to the first O ring 202 shown in FIG. 9, the 
second O ring 216 shown in FIG. 10 can be itself covered 
with a metallic thin film 115 having a similar function to the 
114 provided on the second dielectric plate 116, and it was 
confirmed that this had the same effect as when the above 
described metallic thin film 214 was provided. 
(Embodiment 5) 

With this embodiment, in the plasma device of FIG. 12 
materials having a different dielectric loss angle are used as 
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the first dielectric plate 102, and the density (ion saturation 
current) of plasma generated in the space 2 (209) was 
evaluated. 

As materials having a different dielectric loss angle for 
constituting the first dielectric plate 102, Bakelite (BM-120, 
dielectric loss aangle=0.044), glass (corning #0010 dielec- 
tric loss aangle=0.006), AIN (dielectric loss aangle =0.001), 
and Si0 2 (dielectric loss aangle=0.0001) were used. At this 
time, the material constituting the second dielectric plate 116 
was AIN. 

Apart from this point, embodiment 5 was the same as 
embodiment 2. 

FIG. 14 is a graph showing results of measuring the ion 
saturation current. It will be understood from FIG. 14 that 
since electrical loss becomes small and microwave power is 
supplied to the container without loss with decrease in the 
dielectric toss angle tan S, the plasma density(ion saturation 
current) increases. Particularly, it will be understood that 
when a material having dielectric loss angle tan 6 of less 
than 10" 3 is used as the first dielectric plate 102, it is possible 
to obtain plasma having a high ion saturation current of 12 
mA/cm 2 . This means that it is preferable to have a material 
with a lower dielectric loss angle tans as the material for the 
first dielectric plate 102, for example, quartz (Si0 2 ) or 
aluminium nitride (AIN) having tan 8 of less than 10~ 3 . 
(Embodiment 6) 

With this embodiment, in the plasma device of FIG. 12 
materials having a different dielectric loss angle are used as 
the second dielectric plate 116, and the density (ion satura- 
tion current) of plasma generated in the space 2 (209) was 
evaluated. 

As materials having a different dielectric loss angle for 
constituting the second dielectric plate 116, Bakelite (BM- 
120, dielectric loss angle=0.044), glass (corning #0010 
dielectric loss angle=0.006), AIN (dielectric loss angle= 
0.001), and Si0 2 (dielectric loss angle=0.0001) were used. 
At this time, the material constituting the second dielectric 
plate 116 was quartz. 

Apart from this point, embodiment 6 was the same as 
embodiment 5. 

Substantially the same effects as in FIG. 14 are also 
obtained with this embodiment. That is, it can be understood 
that when a material having a dielectric loss angle tan 8 of 
less than 10" 3 is used for the second dielectric plate 116, 
plasma having a high ion saturation current of greater than 
12 mA/cm 2 can be obtained. 

However, there is a need to provide gas inlets 117 in the 
second dielectric plate 116, and a requirement to use a 
material with satisfactory manufacturing precision. 
Accordingly, it is possible to use quartz (Si02) or aluminium 
nitride (AIN) having tan 5 of less than 10-3 as the material 
of the second dielectric plate 116, but it is preferable to use 
aluminium nitride (AIN) from the point of view of manu- 
facturing precision. 
(Embodiment 7) 

With this embodiment, in the plasma device shown in 
FIG. 15, in order to study conditions where plasma excita- 
tion does not take place in the space 1 (208) between the first 
dielectric plate 102 and the second dielectric plate 116, the 
following experiment was carried out. 

FIG. 15 is a drawing in which pressure PI of the space 1 
(208), pressure P2 of the space 2 (209) and the distance tg 
between the first dielectric plate 102 and the second dielec- 
tric plate 116 have been added to the drawing showing the 
device of FIG. 12. 

FIG. 16 is a schematic drawing of a jig used to observe 
whether or not there is plasma excitation in the space 1 
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(208). The jig of FIG. 16 is located directly below the first 
dielectric plate 102 (material: quartz) being part of the 
container 100 of the plasma device in FIG. 1. In FIG. 16, 
reference numeral 301 is an upper glass plate, reference 

5 numeral 302 is a lower glass plate, reference numeral 303 is 
a middle glass plate, reference numeral 304 is a space 6, 
reference numeral 305 is a tungsten wire, and reference 
numeral 306 is an aluminium wire coated with ceramics. 
The jig of FIG. 16 has two glass plates (301 and 302) of 

to 2 mm in thickness fixed a distance tg apart. A side section 
of the space 6 (304) formed by the two glass plates (301 and 
302) is covered by a separate glass (303) so that plasma does 
not penetrate inside the space 5 of width tg. Since the inside 
of the space 6 (304) is not airtight, gas penetrates and the 

15 pressure inside the space 6 (304) becomes almost the same 
as the pressure inside the container. 

In order to confirm whether or not plasma is generated 
inside the space 6 (304), two probes (305a and 3056) are 
inserted into the gap. The probes (305a and 305£) are 

20 tungsten of diameter 0.1 mm<t> and length 8 mm. The probes 
(305a and 3056) are heated if they are irradiated with 
microwaves, so the outer surface of glass at the edges of the 
probes (305a and 3056) was sealed with copper plate (not 
shown in the drawing). A variable voltage was applied 

25 between the two probes (305a and 3056) in an electrically 
floating state, and the current flowing was measured using a 
multimeter. 

FIG. 17 is a graph showing a relationship between probe 
voltage and probe current observed when the variable was 

30 applied between the two probes (305a and 3056). The curve 
(a) of FIG. 17 shows the a current voltage characteristic that 
is symmetrical to the left and right in the case where plasma 
was generated inside the space 6 (304). On the other hand, 
the curve (b) of FIG. 17 indicates only a noise component in 

35 the case where plasma is not generated in the space 6 (304). 
However, since they are many cases where plasma generated 
inside the space 6 (304) is unstable, it is not always possible 
to obtain the current voltage characteristic having good 
symmetry as shown in FIG. 17. Therefore, in a case where 

40 the current value is observed to exceed 10" 7 A, even only 
slightly, it is generally judged that plasma has been gener- 
ated in the space 6 (304). 

In this embodiment, plasma ignition tests were carried out 
for 6 different conditions by combining the cases where the 

45 distance tg between the two glass plates (301 and 302) was 
0.7 mm and 4 mm, and where the microwave frequency was 
2,45 GHz, 5,0 GHz and 8.3 GHz. At this time, Ar gas was 
introduced so that the pressure inside the space 6 (304) was 
0,1-10 Torr. Also, the microwave power was supplied up to 

so a maximum of 1600 W. 

Table 1 shows the results of the plasma ignition tests for 
the above described 6 conditions. In the table, the mark O 
indicates that plasma was not generated inside the space 6 
(304) and the mark x indicates that plasma was generated 

55 inside the space 6 (304). 



TABLE 1 







Microwave freauencv TGHzl 


60 


Tg[mm] 


Z45 5.0 8.3 




0.7 
1.4 


X o O 

XXX 



65 As shown in table 1, in the set of cases where the distance 
between the two glass plates (301 and 302) [namely the 
width of the space 6 (304)] tg is 0.7 mm and the microwave 
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frequency is 5.0 GHz or 8.3 GHz, even if microwave power shielding region is large. From FIG. 21 it will be understood 

was delivered up to 1600 W (power density 1.27 W/cm 2 ) that with slot A, the density of plasma at the center of a 

there was no plasma excitation inside the space 6 (304). On measuring electrode is raised. By arranging the shielding 

the other hand in the other cases it was confirmed that there plate 119 at this portion so that slot distribution is slot B, it 

was plasma excitation. 5 can be expected to make the plasma density uniform. 

FIG 18 shows results of studying the relationship However, if the shielding region is made wider, as in slot U 

between minimum discharge power and Ar pressure for the conversely to slot A the plasma density rises at the outer 

four conditions where plasma is not generated, among the edge of the electrode. 

six conditions described above. From FIG. 18, it will be Accordingly, by providing a shielding plate 119 having an 

understood that in the case where the microwave frequency 10 appropriate shielding region, the output of electromagnetic 

is low (for example 2.45 GHz), even if the width tg of the waves radiated from the slots is reduced, and the density of 

space 6 (304) is narrowed down to 0.7 mm, plasma excita- excited plasma can be made even more uniform, 

tion occurs inside the space 6 (304) at low power. A shielding plate 119 that can hope to achieve the above 

Contrary to this, by making the microwave frequency describe operation and effect preferably has a shape and size 

high (for example 5.0 GHz), and narrowing the width tg of 15 so as to shield the slots of the slot plate. Namely, it goes 

the space 6 (304) to 0.7 mm or less, even if microwave without saying that either by reducing the slot size or even 

power is delivered up to 1600 W (power density 1.27 using a method of not providing any slots, the same effects 

W/cm 2 ) plasma is not excited inside the space 6 (304). can be anticipated as in the case where the slots are shielded. 

Accordingly, in the plasma device shown in FIG. 15, in (Embodiment 9) 

order to stop plasma excitation in the space 1 (208) between 20 with ^ embodiment, in the plasma device shown in 

the first dielectric plate 102 and the second dielectric plate pj G 15 tbe effects were studied of providing means 6 for 

116, microwave frequency input to the antenna is made at maintaining the antenna at a fixed temperature close to the 

least 5.0 GHz, and the width of the space 1 (208) is made 0.7 antenna, and means 7 for maintaining the temperature of the 

mm or less. first dielectric plate at a fixed temperature close to the first 

Also, in the plasma device shown in FIG. 15, when a 25 dielectric plate, 

pressure 1 (PI) of the space 1 (208) between the first In the p i asma device shown in FIG. 15, as shown in FIG. 

dielectric plate 102 and the second dielectric plate 116, and 2 2, structures 120 and 121 capable of maintaining the 

a pressure 2 (P2) of space 2 (209) surrounded by the second ant enna guide 108, waveguide dielectric plate 103, antenna 

dielectric plate 116 and wall sections (chamber) 101 of the sk)t plate 106 and fi^t dielectric plate 102 at a fixed 

container other than the second dielectric plate 116, and 30 tem p era t ure are provided close to the antenna guide 108. 

where an electrode 109 for holding the object to be treated ^ structures 120 and 121 are equivalent to the means 6 and 

104 is arranged, have the relationship P1>P2, it was con- ^ means 7 

firmed that plasma excitation did not occur in the space 1 {q ^ Q ^ tfae antenna slot plate 105 is arranged so as 

(208) . Particularly, it is understood that when PI is suffi- to fee ^p^y stuck t0 the waveguide dielectric plate 103. 
ciently high compared to P2, for example when there was a 35 By having this arrangement, if a gap exists between the 
pressure difference of about 10 times, these effects were antenna slot plate 106 and the waveguide dielectric plate 
more remarkable. IQj^ surface waves will be generated at that part, and it is 

Accordingly, by providing means 5 for generating a poss rt>le to effectively avoid a phenomenon where it is 

pressure difference so that the pressure 1 (PI) of the space impossible to radiate electromagnetic waves. To do this, the 
1 becomes higher than the pressure 2 (P2) of the space 2 40 shape of ^ wavegmde dielectric plate 103 must hardly be 

(209) it is possible to prevent plasma excitation in the space changed by forces or heat from outside, and it is necessary 
1 (208). to use a material having high thermal conductivity and low 
(Embodiment8) microwave loss, for example, quartz glass (SiO^), alu- 

With this embodiment, in the plasma device shown in ^mm nitride (A1N) etc., but it is not limited to these 
FIG. 15, the effects were studied of either reducing in size, 45 materials? and aay mat erial can be used as long as it satisfies 

shielding, or not providing at all, those slots, among slots ^ aboye described conditions. 

(hole portions penetrating the slot plate) provided in the slot Iq ^ embodiment) in the ^ structures 120 and 121, a 

plate constituting the antenna, arranged at sections where the ^ ]oyed where heating medium flows and 

density of plasma generated in the space 2 (209) is locally desked locations m cooled? but a ma terial having high 

m 5 n * , , . . . 50 thermal conductivity is preferred as the heating medium. As 

FIG. 19 is a schematic cross sectional drawing showing ^ & he mediumj fluid , gas (helium, nitrogen, etc.) 

the slot plate when a shielding plate 119 is provided on the ^ ^ ^ csq ^ considered? but they are not limiting, 

slots 110' positioned close to the center of the slot plate. FIG. im 

p.te ? «J«L HO P 20<» ^ an enlarged view of region A — ent ^ ^ J" l^teZZ 

In FIG. 20, the case is shown where the length is short- f**m as gleans for preventing^ "^"^jf- 

ened for only two rings of slots from the center of the slot In this embodiment the spacer 118 is made of TEFLON, 
plate, but reduction in size of the lots can be realized by, for 60 In the case where .t is impossible prevent warping of the 

example, shortening the slot length. slot plate in embodiment 9, by proving the space 11 i m 

FIG. 21 shows results of studying the density of plasma a space between the antenna slot plate 106 and the first 

generated at the space 2 (209), using the slot plate shown in dielectric plate 102 it becomes possible to prevent warping 

FIG 19 In FIG. 21, slot A, slot B and slot C are the names of the antenna slot plate 106. 

respectively given to the slot distributions for the case when 65 The spacer 118 is provided at a position where the slots 

the shielding region is small, the case where the shielding 119 of the slot plate 106 do not open out so as not to impede 

region is intermediate in size, and the case where the radiation of electromagnetic waves from the slot plate 106. 
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(Embodiment 11) 

As shown in FIG. 24, this embodiment differs from 
embodiment 9 in that a sensor 122 is provided either in the 
container or at the edge of the container, as means 9 for 
detecting the presence or absence of generated plasma in the 5 
space 2. 

The sensor 122 is connected to a microwave power 
supply, not shown in the drawing, and when plasma is being 
excited in the chamber 101 it detects plasma, causes the 
microwave power supply to provide output and plasma 1Q 
excitation is inhibited, while when plasma is disappearing 
the sensor 122 immediately suspends output from the micro- 
wave power supply. In this embodiment, a photo transistor 
is used as the sensor 122, and detects plasma light emission, 
but it is perfectly acceptable to use alternate means. 

Accordingly, by adopting the sensor 122 it is possible to 15 
prevent careless heating and damage of the inside of the 
chamber 101 and the object to be treated 104 etc due to 
magnetic waves radiated from the antenna 201 when plasma 
activation suddenly stops. 

(Embodiment 12) 20 

Id this embodiment, the effects of having a structure for 
causing the temperature of the container wall surface and 
parts other than the object to be treated inside the container 
to be raised to 150° C, and/or a structure for causing the 
temperature inside all the units constituting the exhaust 25 
system to be raised to 150° C. 

The above described effects were studying a relationship 
between container inner wall temperature and reaction 
by-product (polymerization film) deposition, namely, depen- 
dence of deposited film thickness on inner wall temperature 30 
using the vacuum device shown in FIG. 25 in a range of 
50-150° C. 

In FIG. 25, reference numeral 501 is a chamber, reference 
numeral 502 is plasma, reference numeral 503 is an object 
to be treated, reference numeral 504 is an electrode, refer- 35 
ence numeral 505 is a heater, reference numeral 506 is a 
laser, and reference numeral 507 is a photodetector. In this 
case, gas used was a mixture of C 4 F 8 and H 2 0, [C 4 F 8 :H 2 0=* 
7:3, total gas flow amount:40 (seem)], pressure was 10 
mTorr, and discharge power was 1000 W. With the vacuum 40 
device of FIG. 25, an Si wafer was used attached to a flat tip 
of a copper rod, as the object to be treated 503, and heating 
of the object to be treated was carried out using a sheath 
heater provided inside the rod. 

FIG. 26 shows the results of studying the relationship 45 
between the deposition rate of the polymerization film and 
the temperature of the inner wall of the chamber. From FIG. 
26 it will be understood that the polymerization film depo- 
sition rate is rapidly decreased accompanying increase in 
wafer temperature and that at around 150° C deposition of 50 
the polymerization film could not be observed. 

Accordingly, it was determined that by providing either a 
structure for causing the temperature of the container wall 
surface and parts other than the object to be treated inside the 
container to be raised to 150° C, and/or a structure for 55 
causing the temperature inside all the units constituting the 
exhaust system to be raised to 150° C, it was possible to 
prevent the build up of a polymerization film composed of 
moisture and reaction by-products. 

(Embodiment 13) 60 
As shown in FIG. 27, this embodiment differs from 

embodiment 9 in that a Xenon (Xe) lamp is used as means 

for heating the object to be treated 104. 
The Xe lamp 125 can effectively heat only the surface of 

the object to be treated 104 by irradiating light to the object 65 

to be treated 104 through a light inlet 124 and a window 123 

made of a material that passes light. 
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In this embodiment a Xe lamp is used as means for 
heating the object to be treated 104, but another light source 
can be used, or the electrode 109 holding the object to be 
treated 104 can be heated by a direct electrothermal line etc., 
but heating using Xe lamp irradiation is preferred. 

Also, in FIG. 27 the Xenon lamp inlet 124 is provided on 
part of the outside of the chamber 101, but it is more 
preferable to uniformly provide a plurality of such inlets on 
the outside of the chamber 101. 
(Embodiment 14) 

A simple schematic drawing of the situation when adopt- 
ing a staged cooler method in the collection and recycling of 
fluorocarbon gas is shown in FIG. 28. It is possible to carry 
out recycling of the gas expelled from inside the container 
as a liquid by gradually cooling from a high boiling point gas 
and performing liquefaction and distillation purification. 
Fluorocarbon gas contributes to global warming 100,000-1, 
000,000 times more than C0 2 , which means that the effects 
of collecting and recycling the fluorocarbon gas is immense. 
(Embodiment 15) 

A self cleaning gas plasma has to satisfy the following two 
requirements in order to rapidly remove reaction gas prod- 
ucts adhered to the chamber without inflicting damage on 
the inner wall of the chamber. 

(T) high ion density and radical density 

(2) low plasma potential (small energy of ions incident to 
the chamber wall) 

Also, at the same time as these two requirements, there is 
also a demand for material of the inside of the chamber to 
have strong ion radiation and extremely good plasma resis- 
tance. 

FIG. 29 shows the relationship between average binding 
energies of various fluorine type gases and their plasma 
parameter. From this drawing, it will be more clearly under- 
stood that there is an intimate relationship between binding 
energy and plasma parameter. Namely, ion irradiation 
energy becomes small and ion density becomes high as 
binding energy falls. Plasma energy does not depend largely 
on binding energy of gas molecules. From this it will be 
understood that NF 3 is an extremely suitable gas for self 
cleaning. Accordingly, when a self cleaning structure is 
required the inner walls of the container must have excellent 
plasma resistance and it is best to use an alloy such as 
AlF 3 /MgF 2 . 

FIG. 30 shows the results of evaluating damage caused by 
plasma irradiation of MF^g^ alloy when is used as the 
chamber inner wall material of the device of FIG. 15, and 
gas having a small gas molecule binding energy (such as 
NF3) is used as cleaning gas. FIG. 30(a) is a profile of the 
AlF 3 /MgF 2 alloy in a depth direction using XPS (X ray 
photoelectron spectroscopy) before NF 3 plasma irradiation, 
and FIG. 30(6) is a profile after two hours of NF 3 plasma 
irradiation. From the results shown in FIG. 30, it will be 
understood that there is hardly any damage attributable to 
plasma irradiation. 

Accordingly, when there is a need to have a self cleaning 
structure in the device the container inner walls must have 
excellent plasma resistance and it is best to use AlF3/MgF 2 
alloy. 

(Embodiment 16) 

With this embodiment, in the plasma device of FIG. 15 an 
antenna 201 is located outside the container 101 via the first 
dielectric plate 102, and plasma excitation is caused by 
introducing microwaves through a coaxial tube 107 and 
radiating electromagnetic waves inside the container 101. 

FIG. 31 is a graph showing the results of measuring 
distribution of ion saturation current, FIG. 32 is a graph 
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showing the results of measuring distribution of electron two characteristics. At a section where the microwave power 

temperature, and FIG. 33 is a graph showing the results of density was large, in the case where the silver wire was not 

measuring distribution of electron density. arranged in a spiral manner, when a negative potential was 

From FIG. 31 to FIG. 33 it will be understood that with applied to the probe the current value was noticeably 

the plasma device of the present invention, uniform plasma 5 increased but in the case where 

excitation can be caused by covering high density plasma * » m f ner a characteristic was obtained. In 

^muuu wuuvv, j & f" _ this way, m the case where microwave power density mside 

having a ion saturation current of at ^ plas y ma fe large , it is effective to shield the edge of the 
e ectron density in the repon of 1 eV (15000 K I and £ m ^ microwayes ^ a metallic ^ elc . 

electron density of at least 10 12 over a large surface area of * Jq ^ ^ a % [in the device of pi G . 15 

diameter 300 mm or more inside the container 101. 10 a dircction from the sccond diclect ric plate 116 facing the 

FIG. 34 is a schematic drawing of a system for measuring e i ectro de 401] distribution for each plasma parameter, a 

the ion current distribution. This is measurement of ion structure was made that could move the probe in the z 

current distribution using a disk-shaped electrode 401. The direction using the stepping motor 408. The maximum speed 

disk-shaped electrode 401 was used in place of the object to Q f mo vement of the probe was 300 mm/sec and the posi- 

be treated 104 and electrode 109 in the plasma device shown 15 tional resolution was 0.02 mm. control of probe position 

in FIG. 15. using the stepping motor 408 and measurement of the 

In FIG. 34, reference numeral 401 is the disk-shaped current voltage characteristic was synchronized using the 

plate, reference numeral 402 is a pin, reference numeral 403 computer 497. In order to prevent heating of the probe, 

is an aluminium wire, reference numeral 404 is a resistor, experimentation was carried out restricting the time of 

reference numeral 405 is an operational amplifier, reference 20 reciprocation in the z direction to less than 5 seconds, 

numeral 406 is an A-D converter, reference numeral 407 is (Embodiment 17) 

a computer, reference numeral 408 is a stepping motor and With this embodiment, plasma etching was earned out for 

reference numeral is a power supply. the object to be treated 104 by applymg a high frequency to 

Tlie disk-shaped electrode 401 in FIG. 34 is a piece of me electrode 109 having the function of holding the object 

disk-shaped aluminium having a diameter of 300 mm* and 25 £ be treated 104, in the plasma 

. jam , m ... r 4 . j • i_ C J 9W j Si wafer formed m the surface of a Poly-Si film mainly used 

nine pins 402 are embedded m the top of the draped for a M0 > wa& ^ 

electrode 401 an equal distance apart on a line running from * tQ fee tfeated ^ and ^ m s{ film was 

the center to a point at a radius of 140 mm. etched 

Electric current flowing from the plasma to the pins 402 Ahigh frequency was applied t0 the electrode 109 having 

is taken outside the chamber through ceramics-coated alu- 30 ^ fonction of holding the object to be treated 104 from 

minium wires 403 connected to the pins 402 and current means ( no t shown) capable of applying a high frequency 

introduction terminals (not shown). A voltage of -20V b ias. Gas as q 2) HBr etc was used as the source 

relative to the potential of the chamber is applied to the pins material gas, but this is not limiting. FIG. 36 is a graph 

402, and only positive ions flow in the plasma. A potential showing results of the plasma etching. From FIG. 36, for a 

generated by this positive ion flow is converted to a voltage 35 total of nine measurement points (the center point and 8 

signal by the resistor 404, and after being amplified by the points spaced equally apart in two rings of four 150 mm and 

operational amplifier 405 is converted to a digital signal by 280 mm from the center) on the object to be processed (size 

the 16 channel A-D converter 406 and transmitted to the 300 mm<j>), with an etching rate uniformity of the Poly-Si 

computer 407. film of about 5% per unit time, it was confirmed that 

The aluminium electrode 401 is covered with polyimide 40 extremely uniform etching was possible on a large diameter 

tape (not shown). Measurements of rotation of the electrode (300 mm<t>) object to be treated. 

401 by the stepping motor 408, and measurements of ion (Embodiment 18) 

current by the A-D converter are synchronized using the In this embodiment the case where the device of the 

computer 407. Measurement of ion current is carried out 200 present invention is applied to a plasma oxidation device for 

times for each pin 402 per rotation of the electrode 401, to 45 oxidizing the surface of an object to be treated at low 

obtain a fine two dimensional distribution. temperature is illustrated. Here, description will be given for 

FIG. 35 is a schematic diagram showing a single probe the case where an Si substrate was used as the object to be 

system used in measurement of electron temperature and processed, the and a gate oxidation film was formed on the 

electron density in this example. surface of the object to be treated using direct oxidation with 

If the probe is inserted into a section where the microwave 50 0 2 . 
power density is large, as shown in FIG, 35, the probe tip Ar and 0 2 were used as source material gases. It is also 

(tungsten wire, 0.1 mm*) 601 is heated by the microwaves, possible to use Xe in place of Ar as a carrier gas. It is also 

and there is a possibility that thermoelectrons will be dis- possible to add He etc. to a mixed gas comprising Ar and 0 2 . 
charged. There is also a possibility that ionization will occur FIG. 37 is a schematic diagram showing a combination of 

frequently inside the probe seal. In either case it becomes 55 a cross section of elements constituting this example, and a 

impossible to obtain a voltage current characteristic of an system for measurement of element withstand voltage, 
ordinary single probe. Iri FIG. 37, the element whose withstand voltage has been 

Therefore, 0.5 mm diameter silver wire 602 wound in a measured comprises an object to be treated 701 constituted 

spiral manner is arranged clearing a gap at the edge of the by an n type Si wafer, a field oxidation film 702, a gate 
probe tip 601 for the purpose of shielding microwaves. The 60 oxidation film 703, and a gate electrode 704. Also, reference 

silver wire has low resistance and is not heated by the. Also, numeral 705 is a probe used in measurement of withstand 

the use of comparatively fine wire for shielding is so that the voltage, reference numeral 706 is a voltmeter, reference 

effect on the plasma can be kept to a minimum. numeral 707 is voltage applying means and reference 

Acomparison was carried out for the case where the silver numeral 708 is an ammeter, 
wire was provided in a spiral manner, and the case where it 65 Formation of the element shown in FIG. 37 and measure- 
was not. At a section where the microwave power density ment of the withstand voltage are carried in the following 
was small, hardly any difference could be seen between the order. 
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(to After a field oxidation film 702 (thickness: 800 nm) film formation of a thin film on the surface of a substrate, 

formed of SiO, has been formed on the n type Si wafer using Description will be given for the case where single crystal- 

a thermo oxidation method [(H 2+ 0 2 gas), H 2 =l lAmo, O a -l line Si is formed as a film on an amorphous Si substrate. 

1/min, temperature of object to be treated- 1000° C], part of In the example, film formation of single crystalline Si is 

the field oxidation film 702 was subject to etching process- 5 carried out on an amorphous Si substrate, but it is also 

ing and the surface of the n type Si wafer was exposed. possible to form polycrystalline Si as a thin film on amor- 

(2) Only the exposed surface of the field oxidation film phous Si. The material of the substrate on which film 

702 was directly oxidized using the plasma device of the formation is carried out is not limited to Si and can be a glass 

present invention, and the Si0 2 gate oxidation film 703 0f q Uartz substrate, etc. 

(surface area l.OxlO" 4 cm 2 , thickness 7.6 nm) was formed. 1Q siH ^ H ^ md ^ are used as tne source material gas, but 

The film forming conditions at this time were film forming ^ mate rial gas is not limited to this combination and 

gas (Ar+aj, gas pressure 30 mTorr, partial pressure ratio . { . & ible to use Xe ^ place 0 f Ar, although Xe is 

Ar:0 2 -98:2, microwave power 700 W, oxidation processing orefer j ed 

time 20 min, the object to be treated was held in an ^ proportion of Ar must be maintained at at least half 

electrically floating state and the temperature of the object ^ rf ^ ^ ^ ^ cxampl ^ ^ fc provided ^ a 

to be treated was 430 C nrooortion of 50%, but this is not limiting. The reason for 

electrode 704, a d.c voltage was applied to the object to be 20 plasma, it is necessary to increase the proportion of Ar that 

treated 701 formed of the n type Si wafer via the gate can obtain a higher electron density, 

electrode 704, and the voltage at which the gate oxidation Also, the amorphous Si substrate surface !s heated up to 

film 703 suffered dielectric breakdown (namely the with- a temperature of 500° C. by irradiation by a xenon lamp and 

stand voltage) was measured using the voltmeter 706. an insufficient energy is compensated for by plasma ion 

FIG 38 is a graph showing the results of measuring 25 irradiation. It is also possible to use other temperature 

withstand voltage. FIG. 38(a) shows the case when the gate raising methods, but the method using a xenon lamp is 

oxidation film is manufactured using the device of the preferred. 

present invention. On the other hand, FIG. 38(b) shows the In order to form a film of single crystalline Si on the 

case when, the gate oxidation film is manufactured using a amorphous Si substrate, it is necessary for the kernel of 

device of the related art. With a conventional device, plasma 30 crystal Si grown on the substrate surface during film for- 

is generated by applying a high frequency of 100 MHz to mation to have the same in-plane orientation as the substrate, 

parallel plate type electrodes, and the gate oxidation film is This means that if differences exist in the film in-plane 

formed formation conditions, film formation will be carried out with 

° In FIG 38 the horizontal axes represent withstand volt- unequal orientation of the crystal kernel, so there is a 

age and the vertical axes represent the frequency with which 35 necessity to make in-plane film formation conditions exactly 

elements were obtained for each withstand voltage. For uniform. 

example the bar graph at the 10 MV/cm part of the By using the plasma device of the present mvention, it is 

horizontal axis is the frequency of occurrence of elements possible to provide uniform film formation conditions over 

having withstand voltage in the range 9.5-10.4 MV/cm. The a large surface area, and for the first time it becomes possible 

number of elements measured was 30 for eachofFIG. 38(a) 40 to form a film of single crystalline Si on an amorphous 

and FIG 38(6). substrate at low temperature, which was impossible in the 

The following points become clear from FIG. 38. related art. 

<T) Elements manufactured using the device of the related As a result, it was possible to form a single crystalline Si 

art have a wide withstand voltage distribution (that is, film on a Si substrate of 300 mm in diameter at a temperature 

uniformity is bad) and average withstand voltage is 10.2 45 of 500° C. and a film formation rate of 0.1 every minute. 

MV/cm [FIG 38(5)1 Results of forming a film of Poly-Si on a glass substrate 

©Elementsmanufacturedusingthedeviceofthepresent also show that it is possible to obtain a higb quaUty thm film 

invention have a narrow withstand voltage distribution (that with a mobility (earner transfer rate) of 300 or greater, 

is, uniformity is good) and a high average withstand voltage (Embodiment 20) 

of 11 9 MV/cm can be obtained, so it is understood that the so This example is different from embodiment 19 in that a 

film quality of the gate oxidation film has been improved film of Si0 2 is formed on the Si substrate and the remaining 

FFIG 38ffl)l aspects are the same and will be omitted. 

Accordingly, by carrying out direct oxidation using the In this example, SiH 4 , 0 2 and Ar are used as the source 

plasma device provided with the radial line slot antenna of material gas, but this combination of gases is not limiting 

the present invention, it is possible to form an oxidation film 55 and it is possible to use Xe in place of Sr as a earner gas and 

having high uniformity and high withstand voltage, which N 2 0 can be used instead of 0 2 . It is also possible to add He 

means that it was confirmed that elements having excellent etc, to the mixed gas comprising SiH 4 , 0 2 and Ar. 

withstand voltage could be manufactured stably. As a result, it was possible to form a film on an Si 

In this example, the device of the present invention has substrate of 300 mm in diameter at a temperature of 350 C. 

been applied to a plasma oxidation device for oxidizing the 60 and a film formation rate of 0.1 jtm every minute and 

surface of an object to be treated at a low temperature, but in-plane uniformity was less than ±5%. 

it was also confirmed that it was possible to obtain high (Embodiment 21) 

uniformity oxidation films by applying it to a plasma nitrid- This example is different from embodiment 19 in that a 

ing device for nitriding the surface of an object to be treated. film of Si 3 N 4 is formed on the Si substrate, and the remain- 

f/Embodiment 19) 65 to g aspects are the same and will be omitted. 

This example shows an embodiment for the case where In this example, SiH 4 and NH 3 « «sed ™ the source 
the present invention is applied to a plasma CVD device for material gas, but this combination of gases is not limiting 
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andi.^po^etouseXeinplaceofAr^dN.canbeused 0%°%^^^ from embodiraenl 19 in tbat , 

^1 reluYit 'was possible to form a film on a Si substrate P-SiO film is formed on the Si substrate and I the remaining 

of 300 mm in dSeTuniformly at room temperature and aspects are the same as embodunent and wJl be 

SraZtrmation rate of 0^ every minute, and s J^^S^ZS%£%&£ 

rEmtodTemT ^ butSombinationofgasesisnotUmitinganditispossible 

This ewmple i different from embodiment 19 in that a to use Xe in place of Sr. 

RST thin film rfBa Srt TiO,l being a ferroelectric thin film, As a result, it was possible to form a film on a Si substrate 

SfaSd S Pt to fi fan * that bis been formed on the Si of 300 mm in diameter a, a film formauon rate , of 0 l£n 

ZSt. Z Gaining aspects are the same as embodi- 10 'veryminute and m-plane uniformity was less than ,5%. 

Xe in place of Sr, although it is preferable to use Ae rainer ^ PH 3 , B 2 H 6 , 0 2 and Ar were used as the source 

^fpt thin film is formed on the Si substrate beforehand material gas, but this combination of gases is not limiting 

o r. (Embodiment 28) ^ L 

"^aresu^itwaspossibletoachieveafilinformationrate This example shows the case where the device ^of the 

( ^h?™"pU L to. «*K>in»,. 1« » • ■*»«■» S -Ad «». on to »*«"/«* Si 

sbt M aZlSfBi HuO.l » fonnri on . Pi lbi» nlm tbtl using N, Tto »>«nal ps ns Aj ml N a . In. to 

film formation is earned out on tms suosiraie. „,u„„ „, nnn° r for 120 minutes 

In this example CO, H 2 , 0 2 and Ar are used as the source processing in an N 2 atmosphere at 1300 C. tor 120 minutes 

material gas, but this combination is not limiting. 45 is a^shown. ^ ^ ^ 

diamondt^^^ ^ of the in nitride film grownon t^subst^te 

the related art the device ™™J™* . . d ft FIG. 40 is a schematic drawing showing a combination of 

LcTasTSgh quality thin film formation is possible. ment and a system for measuring die ec ™ breakdown 

mcreasea ana nign q y injection charge amount for the element. In FIG. 40, the 

ana Sffl SKnd Ar were used as the source material gas, numeral 805 is a probe used in measurement of die lectnc 

to use Xe in place of Sr, and to replace NH 3 with N 2 . is a voltmeter reference numeral 807 is a constant current 

ATaKs^t itwaspos^ibletoformafilmonaSisubstrate 65 source and reference numeral 808 is an ammeter. 

o^lZlZ^z^iortn^n^oiOlvn Element formation and ^. b ^~S 

every minute and in-plane uniformity was less than ±5*. charge amount measurement shown in FIG. 41 are earned 
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out using the measurement meter shown in FIG 
carrying out the following procedure. 

(1) After a field oxidation film 802 (thickness: 800 nm) 
formed of Si0 2 has been formed on the n type Si wafer 801 
using a thermo oxidation method [(H 2 +0 2 gas), H 2 =l 1/min, 
0 2 =1 1/min, temperature of object to be treated=1000° C], 
part of the field oxidation film 802 was subject to etching 
processing and the surface of the n type Si wafer was 
exposed. 

(2) Only the exposed surface of the field oxidation film 
802 was direct nitrided using the plasma device of the 
present invention, and the gate nitride film 803 (surface area 
l.OxlO -4 cm 2 , thickness 5.6 nm) formed of Si 3 0 4 was 
formed. The film forming conditions at this time were film 
forming gas (Ar+N 2 ), gas pressure 30 mTorr, partial pres- 
sure ratio Ar/N 2 =99.7%-90%/0.3%-10%, microwave 
power 700 W, nitriding processing time 30 min, the object 
to be treated was held in an electrically floating state, and the 
temperature of the object to be treated was 430° C. 

(3) A gate electrode 804 of Al (thickness 1000 nm) was 
formed on the field oxidation film 802 and the gate nitride 
film 803 by a vapor deposition method. 

(4) The probe 805 was brought into contact with the gate 
electrode 804, a constant current was applied to the object to 
be treated 801 formed of the n type Si wafer via the gate 
electrode 804 using the constant current source 807 so the 
electron density became 200 mA/cm 2 , and time taken for the 
gate nitride film 803 to suffer dielectric breakdown was 
measured. The electron density value multiplied by this time 
is the dielectric breakdown injection charge amount. 

FIG. 41 is a graph showing results of measuring the 
dielectric breakdown injection charge amount of a silicon 
nitride film formed at 430° C. using the device of the present 
invention. For the sake of comparison, the dielectric break- 
down injection charge amount for a silicon nitride film 35 
formed at 1300° C. in an N 2 atmosphere is also shown, [o 
FIG. 41 the horizontal axis represents injection charge 
amount and the vertical axis represents the cumulative 
frequency of elements obtaining each of the charge injection 
amounts. Twenty elements were measured. From FIG. 41 it 40 
is understood that in the case of forming a nitride film on an 
Si substrate using the device of the present invention, even 
at a film formation temperature as low as there was no effect 
(With normal film formation at 430° C. it is impossible to 
even cause direct nitriding on the surface of a silicon 
substrate. In order to carry out nitriding of a silicon surface 
using N 2 gas a substrate of at least 1000° C. is required.), a 
maximum dielectric breakdown injection charge amount of 
123 C/cm 2 was obtained, and the same characteristic as that 
for dielectric breakdown injection charge amount for a film 
formed at 1300° C. was exhibited. 

Accordingly, by carrying out direct nitriding of a silicon 
surface using the device of the present invention, formation 
of a silicon nitride film having the same electrical charac- 
teristic as a silicon nitride film formed at 1300° C. was 
achieved even at a low temperature of 430° C. 

In this embodiment, the device of the present invention 
has been applied to a plasma nitriding device for nitriding 
the silicon surface of an object to be treated at low 



forming a polycrystalline silicon thin film on the surface of 
a substrate, and formation of a polycrystalline silicon film on 
an oxidation film that has been formed on the Si substrate. 
The source material gas was a mixed gas of Ar and SiH 4 . It 
5 is also permissible to add H 2 , He, Ne, Xe etc. to the mixed 
At and SiH 4 gas. It is also possible to use He or Xe in place 
of At. It is also possible to use Si 2 H 6 , SiHCl 3 , SiH 2 Cl 2 and 
SiCl 4 instead of SiH 4 and obtain the same effects. An 
oxidation film formed on the Si substrate to a thickness of 50 
nm using a thermal oxidation method [(H2+02) gas, H2=l 
10 1/min, 02=1 1/min, Si substrate temperature=1000° C] is 
used as the substrate. In this embodiment, formation of the 
oxidation film is carried out using a thermal oxidation 
method, but the means for oxidation film formation is not 
thus limited and an oxidation film formed by any means is 
15 permissible. After formation of the oxidation film on the Si 
substrate, and after a polycrystalline silicon thin film has 
been deposited to a thickness of 120 nm using the device of 
the present invention under conditions of substrate tempera- 
ture 300° C. and Ar/SiH 4 =99.95%A).05%, the polycrystal- 
line silicon thin film is analyzed using an X-ray diffracto- 
meter. For the sake of comparison, after a polycrystalline 
silicon thin film has been deposited to a thickness of 120 nm 
using a parallel plate type CVD device of the related art 
under conditions of substrate temperature 300° C. and 
Ar/SiH 4 =99.95%/0.05%, the polycrystalline silicon thin 
film was similarly analysed using an X-ray diffractometer. 

FIG. 42 is a graph showing X-ray diffractometer mea- 
surement results of the polycrystalline silicon thin films. The 
horizontal axis represents an X-ray scattering angle 26 
attributable to the surface direction, and the vertical axis 
represents the X-ray strength at that scattering angle. A large 
peak strength of the X-ray diffractometer indicates a high 
cystallinity in the surface direction. From FIG. 42 it will be 
understood that the polycrystalline silicon film formed using 
the device of the present invention clearly has improved 
cystallinity compared to the film formed using the parallel 
plate type CVD of the related art. 
(Embodiment 30) 

This embodiment shows the case where the present inven- 
tion is applied to a magnetron plasma etching device. 

A plasma device has two plate type electrodes electrode I 
and electrode II which are parallel to each other. A substrate 
to be processed using plasma is mounted on a isurface of 
electrode I opposite to electrode II, and is provided with 
means for applying a magnetic field being horizontal and 
unidirectional onto the substrate. The electrode II comprises 
a central section electrically connected to ground, and an 
outer section connected to a high frequency power supply 
that can be controlled independently of a high frequency 
power supply connected to the electrode I. A focus ring is 
also provided at a section electrically connected to electrode 
I, for the purpose of making the density of plasma generated 
around the substrate surface uniform. The focusing ring has 
means for adjusting junction impedance. 

A structural drawing of the etching device of the present 
invention is the same as FIG. 44 and so is omitted. 

In this device, a dipole ring magnet (hereinafter referred 
to as a DRM) having a plurality of permanent magnets lined 
up in an annular shape is used as the magnetic field applying 
means. The permanent magnets constituting the DRM are 
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tne silicon sunace oi an uuj^l iu uvu^u ui UJ ~~.^. t r 

temperature, this embodiment is not limited to Si and even 60 aligned so that magnetization is performed in one direction 



if it was applied to nitriding of metallic surfaces such as Ta, 
W, Al, Ti etc it was confirmed that it was possible to obtain 
a high quality metallic nitride film at a low substrate 
temperature. 
(Embodiment 29) 

This embodiment shows an example where the device of 
the present invention is used as a plasma CVD device for 



as the magnet positions go halfway round. 

Here, a DRM is used as the magnetic field, but other 
means for applying a magnetic field can also be used. Also, 
the plasma density is increased here using a magnetic field, 
but other means can also be used, and when there is no need 
to increase plasma density there is no need to use any means 
at all. 
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The electrode II is a ring shaped metallic plate in this case, the mask material. This substrate was etched under the same 

and is provided in order to cause increased in-plane unifor- conditions as the above described experiment, and after 

mity of the plasma in the vicinity of the substrate surface. etching hole formation was observed. As a result, the 

High frequency power output from the high frequency following point becomes clear. 

power supply II is applied to the electrode II via the 5 (2) Reaction by-products clogging up the holes are effec- 

matching circuit II. By balancing electron drift on the lively expelled due to improved exhaust rate and increased 

surface of the electrode II, caused by application of a process gas flow amount, which makes it possible to obtain 

magnetic field using application of a suitable high frequency favourable hole formation. Compared to a taper angle of 86° 

power to the electrode II, and electron drift on the surface of for an exhaust system of the related art, a taper angle of 89 

the substrate, the plasma in the vicinity of the substrate is 10 and ideal formation are possible with the exhaust system of 

made almost completely uniform. In a case where the the present invention. Here, taper angle means the angle 

in-plane uniformity of the plasma is favourable even without formed by the Si wafer and the side wall of the hole (refer 

the application of a high frequency to the electrode II, or to FIG. 58). 

where there is no problem even if it is not uniform, there is (Embodiment 31) 

no need to specially provide the electrode II. Similarly, also is This embodiment shows the case where the present inven- 

with respect to the focus ring provided for the purpose of tion is applied to a magnetron sputtering device, 

making the density of the plasma to be generated in the The structure of this device is the same a FIG. 54, so a 

vicinity of the substrate surface uniform, in a case where the further drawing is omitted. Here, a target is the substrate 

in-plane uniformity of the plasma is favourable even without 5404 to be plasma processed mentioned in FIG. 54. A dipole 

the application of high frequency to the electrode II, or 20 ring magnet having a plurality of permanent magnets 

where there is no problem even if it is not uniform, it is aligned in a ring shape is used as magnetic field applying 

possible to either reduce the size of the focus ring or not means, but this is not limiting. Material of the inner walls of 

provide it at all. me container are a material discharges a little discharge gas 

As a material for the wall surface inside the container, a (such as moisture) as possible, so it is AIM in this case, 

material containing as low an amount of discharge gas (such 25 However, high frequency power applied to the electrode I 

as moisture) as possible is used, in this case AIN. However, was 43.0 MHz, the frequency applied to the electrode II was 

the internal wall surface is not limited to this material. The 13.56 MHz, and the frequency applied to the auxiliary 

high frequency applied to the electrode I was 13.56 MHz, electrode B was 100 MHz. The high frequencies applied to 

and the high frequency applied to the electrode II was 100 the respective electrodes are not limited to those described 
MHz In this case, by making the frequency applied to the 30 above, but the frequency applied to the auxiliary electrode B 

electrode II higher than the frequency applied to the elec- is preferably set high so that the self bias potential for 

trode I, a self bias voltage for the electrode II becomes small electrode B is low and sputtering of the auxiliary electrode 

which 'means that the problem of the electrode II being B itself can be avoided. 

sputtered by the plasma and the inside of the container Only the exhaust system of the above described device 

suffering from metallic contamination are solved. The high 35 was modified and the major difference of the exhaust system 

frequencies applied to the electrodes I and II are not limited of the present invention was evaluated in comparison to the 

to those in this example. exhaust system of the related art (exhaust system m one 

Only the exhaust system of the above described device direction only, i.e., the method disclosed in HO. 43(a)). 

was modified and the major difference of the exhaust system Evaluation was carried out by generating plasma using Ar as 

of the present invention was evaluated in comparison to the 40 carrier gas under a pressure of 10 mTorr, carrying out 

exhaust system of the related art (Le., the method disclosed sputtering, measuring the distribution of cut away amount of 

in FIG 43(a)) The evaluation method was to prepare an the Al target, and comparing the state of plasma generated in 

insulation film BPSG to a thickness of 1.5 jum on an Si wafer the vicinity of the target. A single crystalline Si wafer (6 

200 mm in diameter as the substrate to be plasma processed, inches) was used as the substrate to be subjected to film 

mount the substrate on electrode I and carry out etching 45 formation. 

while increasing a total gas flow amount with a fixed process The results of this evaluation are shown in FIG. 59. From 

gas ratio and measuring the etching rate using disparity these results the following point becomes clear, 

between the exhaust systems. The conditions for etching the (1) In this embodiment, by increasing the gas flow amount 

substrate were power of a high frequency (13.56 MHz) when the pressure inside the container is 10 mTorr to 1.5 

applied to the electrode 1 1700 W, power of a high frequency 50 seem, the in-plane uniformity of the cut away amount is 

(100 MHz) applied to the electrode II 400 W, process improved. This is considered to be due to the fact that a 

pressure 40 mTorr, electrode spacing 10 mm, and process uniform exhaust rate and gas flow are realized in the vicinity 

gas ratio of C 4 F 8 :5%, CO: 15%, Ar 78%, and 0 2 :2%, but of the target. 

these conditions are not limiting. The results of the evalu- Al was used as the target, but the same results were also 

ation are shown in FIG. 57. (The marks Aand Arepresent 55 confirmed with Cu. 

etching rate at the center of the wafer, while the marks ■ and (Embodiment 32) 

a represent etching rate at the end of the wafer.) From these This embodiment shows the case where the present inven- 

results the following point becomes clear. tion is applied to a plasma oxidation device for oxidizing the 

(1) In the case of adopting the exhaust system of the surface of a substrate at low temperature in a plasma device 

present invention, it is understood that it is possible to obtain 60 using a radial line slot antenna capable of uniformly sup- 

a higher etching rate and uniformity than with the exhaust plying gas in a large flow amount. 

system of the related art. The structure of this device is the same as FIG. 53, and so 

Also BPSG is formed on a Si wafer of 200 nm in a further drawing will be omitted, 

diameter to a thickness of 1.5 /im as the substrate, 0.7 pm of Description will be given for the case where an Si wafer 

mask material referred to as resist was coated on this 65 is used as the substrate and a gate oxidation film is formed 

substrate and after carrying out exposure and developing by direct oxidation of the Si wafer surface using 0 2 , Ar and 

processing a hole pattern of diameter 0.1 /<m was formed on 0 2 are used as the source material gas. It is also possible to 
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use Xe instead of Ar as a carrier gas. It is also possible to add 
He etc. to the mixed gas comprising Ar and 0 2 . 

FIG. 60 is a schematic diagram showing a combination of 
a cross section of an element formed with this embodiment, 
and a system for measuring withstand voltage of the ele- 5 
ment. In FIG. 60, the element whose withstand voltage was 
measured comprises a substrate 4001 formed of an n-type Si 
wafer, a field oxidation film 4002, a gate oxidation film 
4003, and a gate electrode 4004. Also, reference numeral 
4005 is a probe used in measurement of the withstand 10 
voltage, reference numeral 4006 is a voltmeter, reference 
numeral 4007 is voltage applying means, and reference 
numeral 4008 is an ammeter 

The formation and withstand voltage measurement of the 
element shown in FIG. 60 was carried out through the 15 
following sequence of events. After a field oxidation film 
4002 (thickness: 800 nm) comprising Si0 2 has been has 
been formed on the n-type Si wafer using a thermal oxida- 
tion method [(J^+OJ gas, H 2 -l 1/min, 0 2 -l 1/min, tem- 
perature of object to be processed- 1000° C] part of the field 20 
oxidation film 4002 is subjected to etching processing and 
the surface of the n-type Si wafer 4001 is exposed. 

Only the exposed surface of the n-type Si wafer 4001 was 
subjected to direct nitridation using the plasma device of the 
present invention to form the gate oxidation film 4003 25 
(surface area=1.0xl0~ 4 cm 2 ) formed of Si0 2 . The film 
formation conditions at this time were: film formation gas 
(Ar+OJ; gas pressure 30 mTorr; partial pressure ratio 
Ar:0 2 -98%:2%; microwave power 700 W; oxidation pro- 
cessing time 20 minutes; the substrate was held in an 30 
electrically floating state and the temperature of the object to 
be processed was 430° C. However, the film formation 
conditions are not thus limited. 

Agate electrode 4004 (thickness 1000 nm) formed of Al 
was formed on the field oxidation film 4002 and the gate 35 
oxidation film 4003 using a vapor deposition method. 

The probe 4005 was brought into contact with the gate 
electrode 4004, a d.c. voltage was applied to the object to be 
processed 40001 formed of the n-type Si wafer, through the 
gate electrode 4004, and the potential at which the gate 40 
oxidation film 4003 suffered dielectric breakdown (namely, 
withstand voltage) was measured using the voltmeter 4006. 

FIG. 61 is a graph showing the results of measuring 
withstand voltage. FIG. 61(a) shows the case of a gate 
insulation film formed by with the device of the present 45 
invention, while FIG. 61(b) shows the case of a gate 
insulation film formed by with the device of the related art. 

FIG. 62 shows a plan view of a plasma device using a 
radial line slot antenna having the exhaust system of the 
related art. The only difference from a device using the 50 
exhaust system of the present invention is the exhaust 
system. The exhaust system of the present invention has a 
comparatively wide space provided above the vacuum 
pump, and expulsion in carried out from a plurality of 
vacuum pumps arranged spaced substantially equal dis- 55 
tances apart at the side of the substrate, it is possible to have 
a gas flow uniformly above the substrate in a rotational 
direction substantially without lowering the gas conduc- 
tance. Specifically, it becomes possible to cause a large 
amount of gas to flow up to the capacity of the vacuum 60 
pump, and it is possible to handle ultra high speed process- 
ing of a large diameter substrate. Conversely, because the 
exhaust system of the related art uses vacuum pump expul- 
sion in only one direction, the space above the vacuum pump 
is narrow and the gas conductance is lowered, it is not 65 
possible to realize uniform gas flow above the substrate. As 
a result, it is not possible to make a large amount of gas flow 



and it is impossible to handle high speed processing of a 
large diameter substrate. 

In FIG. 61, the horizontal axis represents withstand volt- 
age and the vertical axis represents frequency of occurrence 
of elements that obtained each withstand voltage. For 
example, the bar graph of the horizontal axis 10 MV/cm is 
the frequency of occurrence of elements having a withstand 
voltage in the range 9.5-10.4 MV/cm. The number of 
elements measured was 30 in each of FIGS. 61(a) and 61(b). 
From FIG. 61 the following point becomes clear. 

Elements formed using the device provided with the 
exhaust system of the related art have a wide distribution of 
withstand voltage (namely bad film quality uniformity), and 
an average withstand voltage of 10.3 MV/cm [FIG. 61(b)]. 

Elements formed using the device of the present invention 
have a narrow distribution of withstand voltage (namely 
good film quality uniformity), and a high average withstand 
voltage of 11.5 MV/cm can be obtained, which means that 
the film quality of a gate oxidation film is improved [FIG. 
61(a)]. 

FIG. 63 is a graph showing distribution of film thickness 
of the inner surface of wafer surface of the Si oxidation film. 
The horizontal axis represents distance from the center of 
the wafer and the horizontal axis represents film thickness of 
the direct oxidation film., The film thickness of the direct 
oxidation films formed with the device provided with the 
exhaust system of the related art has low uniformity. On the 
contrary, the film thickness of direct oxidation films formed 
with the device of the present invention are almost constant 
at the wafer surface, and uniformity is high. Accordingly, 
since it is possible to form oxidation films having high 
uniformity and high withstand voltage it was confirmed that 
it was possible to stably manufacture elements having 
excellent withstand voltage. 

In this embodiment, the device of the present invention 
has been applied to a plasma oxidation device for oxidizing 
a Si surface of a substrate at low temperature, but it is not 
limited to a Si surface and it was confirmed that it was also 
possible to obtain oxidation films having high uniformity 
with metallic surfaces. 
(Embodiment 33) 

This embodiment shows the case where the present inven- 
tion is applied to a plasma nitriding device for nitriding the 
surface of a substrate at low temperature in a plasma device 
using a radial line slot antenna capable of uniformly sup- 
plying gas in a large flow amount. 

The structure of this device, as well as the plasma device 
using a radial line slot antenna provided with the exhaust 
system of the related art, are the same as embodiment 3, and 
so will be omitted. 

Similarly to embodiment 3, a Si wafer is used at the 
substrate, and description will given for the case where the 
surface of the Si wafer is subjected to direct nitridation using 
N 2 , and a gate nitridation film is formed. 

FIG. 64 is a schematic drawing showing a combination of 
a cross section of an element formed in the present embodi- 
ment and a system for measuring dielectric breakdown 
injection charge amount for the element. In FIG. 64, the 
element that has had dielectric breakdown injection charge 
amount measured comprises an object to be treated 5001 
made of an n type Si wafer, a field oxidation film 5002, a 
gate nitride film 5003 and a gate electrode 5004. Also, 
reference numeral 5005 is a probe used in measurement of 
dielectric breakdown injection charge amount, reference 
numeral 5006 is a voltmeter, reference numeral 5007 is a 
constant current source and reference numeral 508 is an 
ammeter. Element formation and dielectric breakdown 



09/04/2002, EAST Version: 1.03.0002 



US 6,357,385 Bl 
41 42 

action charge amount measurements shown in FIG. 64 J^^^l^S^^ 
^otM^^^y^W^fig , Z ifwiU b^undeSt Xctoxidrtion film formed 

saw? ^siytsits: = 2S^ja-=attM 

formed. T*e film forming conditions .1 this tune were film ^T^^^^^^ it becomes possible to 
forming P» j^M^ 3 *3£' - S ^ " oxygen a^d carbon 

fo be treated was held in an electrically Aoa ing suite, and the ^'' on /~™ Sable for the formation of direct 

XZ^^^T^X^"' rS^h^owoxygen and carbon contamina- 

A gate electrode 5004 of Al (thickness 1000 mn) was 20 ^ ^ direct ojddatioD ^ the 

formed on the field oxidation , film 5002 and the gate mtnde Acco M^Y J ' * ^ ^ i, is 

film 5003 by a vapor deposition method. ^Se to suonrSs the concentration of impurities within a 

occurrence of elements obtaining each injection charge 35 asTaJV, Al 1 v etc. 

iSy^monalitywasbiandaveragechargeinjectioti P^^rge gas^o wamount^ ^ ^ _ ^ ^ rf 

present invention, the distnbuU on of ^n ^e ^ondth characteristicS; and is mostly 

amount was narrow (namely film quality was good; ana « r characteristics can 

gate oxidation film was improved. mp - n(y the min diamond film is formed for the intention of application 

have been subjected to direct oxidation usuig a aevice & 69 h turalexam p leofamask for use with 

provided with the exhaust system of the «la ed art and a ™ A circuit J aUetn for transcribing is 

device provided with the exhaust system of the present an Xray of the 

lh ^he 8 surface of * « ^J^.^ ^^^-.^^^oo 

atmosphere with passage of time From this it will be 65 wulbe ^nted contamina „ te 



09/04/2002, EAST Version: 1.03.0002 



US 6,357,385 Bl 



43 



44 



have been removed is introduced into a chamber. After 
loading, the diamond thin film is formed to a thickness of 
1-2 pan using the aforementioned device. First of all, the 
surface of the Si substrate is subjected to carbonization 
processing in an Ar/H 2 /CH 4 or Ar/H 2 /C0 2 atmosphere, and 5 
then the Si substrate is negatively biased and a diamond 
crystal kernel is generated on the Si substrate. After this 
processing, a diamond thin film is formed to a thickness of 
1-2 urn in a Ar/H 2 /CIV0 2 or Ar/H 2 /C0 2 /0 2 atmosphere. It 
is possible to replace Ar with Xe. The chamber pressure at 1(J 
the time of processing is 3-500 mTorr, process gas flow 
amount can be made up to 3SLM, and the Si wafer is 
temperature controlled to 300-700° C. With the device of 
the present invention, it is possible to generate high density 
and uniform plasma over a large surface area, and by 
providing a shower plate the supply of source material gas 
is made uniform and it is possible to uniformly form a film 
on a large diameter substrate. Also, by narrowing the pro- 
cessing space and uniformly and rapidly expelling a large 
flow amount of process gas it is possible to rapidly remove 
reaction by-products, which means that reaction by-products 20 
such as non diamond components that have been imiformly 
etched by atomic hydrogen are rapidly expelled and a high 
quality diamond film can be generated. 

Results of evaluating the diamond thin film formed to a 
thickness of 2 ^m in the Si wafer are shown in Table 2. 25 

TABLE 2 



Results of Diamond Film Evaluation 



film thickness, inside 4 inch wafer 
(total ellipsotnctric film thickness) 
Surface roughness 
permeability (measurement after 
removal of Si substrate) 



2.00 ± 0.01 fim 
5 am 

90% at 633 nm 



Permeability was measured after the central section of the 
rear surface (the opposite side to the surface on which the 
thin film was formed) of the Si wafer was removed to expose 
the diamond thin film. The measurement system is shown in 
FIG. 70. 

FIG. 71 shows variation of surface roughness and per- 
meability when the total flow amount of process gas was 
changed. In the related art, machine polishing was carried 
out after film formation. By using the plasma device of the 
present invention, reaction by-products such as non diamond 
components that have been uniformly etched by atomic 
hydrogen are rapidly expelled and a high quality diamond 
film can be generated. 
(Embodiment 39) 

This embodiment shows a case where the present inven- 
tion is applied to a magnetron sputtering device. 

A structural drawing of this embodiment is the same as 
that for embodiment 31 and so will be omitted. As described 
in embodiment 5, amorphous Ta 4 B can be applied as a 
absorber material of a mask for X-ray lithography. As 
described in embodiment 5, after a flat thin diamond film has 
been formed, a film of Ta 4 B is continuously formed using a 
cluster tool, without coming into contact with the atmo- 
sphere in a clean room at all. 

A characteristic of the cluster tool is that by connecting 
between each process chamber using an Ar or N 2 tunnel, thin 
film formation can be carried out continuously under an 
extremely pure atmosphere without exposing the 
semiconductor, metal, or insulator on the wafer to the 
atmosphere at all. Also, each process chamber achieves an 
ultra high vacuum state of the ultimate vacuum of 10" 
Torr, but at the time of conveying the wafer, a number of 



mTorr to several lens of Torr is maintained using very pure 
Ar or N 2 , and contamination of the wafer surface by organic 
matter or moisture etc. is prevented. Further, conveyance 
between each cluster is carried out using a port encapsulated 
with N 2 or dry air, and wafer cleansing and lithographic 
processing is also carried out in an N 2 or dry air atmosphere, 
so that it is possible to carry out processing that completely 
excludes all sorts of impurity elements from the atmosphere. 

In this embodiment, formation of an amorphous Ta^B film 
on the Si wafer and on the diamond thin film on the Si wafer 
is carried out. The method of carrying out this film formation 
will be described below. 

Ta 4 B is formed to a thickness of 0.5-1 /on either by film 
formation on a Si wafer from which surface contaminants 
(particles, organic matter, metal) have been removed, or by 
continuous formation of a diamond film. The structure of 
this embodiment is the same as FIG. 44 and will be omitted^ 
A compound of titanium and boron having a ratio of 
number of atoms of 4:1 is used as the sputtering target. 
Sputtering is carried out in an Ar or Xe atmosphere. The 
chamber pressure at this time is 3-500 mTorr. A process gas 
flow amount up to 3SLM is possible. 

The results of evaluating the Ta 4 B film formed on the Si 
wafer and on the 2 /mi diamond thin film on the Si wafer to 
a thickness of 1 /im are shown in Table 3. From these results 
the following becomes clear. 

(1) Using the plasma device of the present invention, film 
formation with high in-plane uniformity can also be 
obtained for a large diameter substrate. 

30 TABLE 3 

Evaluation results for amor phous Taj? 

On Si substrate On diamond thin film 

Fflm thickness, inside 4 000 /«n ± 0.008 //m 000 joa ± 0.023 /an. 
35 mc h substrate CTotal 
stepped film thickness 

Surface roughness (atomic 1 nm 6 am 
force microscope) 



40 (Embodiment 40) 

This embodiment shows a case where the present device 
is applied to a plasma CVD device for forming a polycrys- 
talline silicon thin film on the substrate in a plasma device 
using a radial line slot antenna capable of uniformly sup- 
45 plying a large flow amount of gas. 

The structure of this device is the same as embodiment 3, 
and will be omitted. 

Description will be given for the case where a thin film is 
formed on a glass substrate. The foundation substrate is not 
50 limited to a glass substrate and the material can also be 
amorphous such as SiN„ or Si0 2 . As uses for the noncrys- 
talline silicon thin film, it is possible to utilize it as an active 
layer of a transistor, or a gate electrode etc. SiH 4 , Xe was 
used as the source material gas, but is not limited to this 
55 combination. It is also possible to replace SiH 4 with Si 2 H 4 , 
and to replace Xe with Ar or H 2 etc. 

Evaluation was carried out with the gas flow amount ratio 
for Xe and SiH 4 set to 100:1. 

Microwave power was 1600 W, and total gas flow amount 
60 of the gas introduced into the process chamber was changed 
from 300 seem to 3000 seem. The polycrystalline silicon 
was formed on a 300 mm glass substrate, and the surface 
plasma, uniformity and polycrystalline silicon crystallite 
size were measured. The substrate temperature was set to 
65 300° C. This is just one example of the processing condi- 
tions for illustrating the effects of the present invention, but 
these conditions are not limiting. 
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FIG. 72 shows the dependency of surface roughness of the 
film formed polycrystalline silicon thin film on total gas fiow 
amount. Measurement was carried out using an atomic force 
microscope (AFM). It can be seen that if the total gas flow 
amount is increased, surface roughness is lowered. 

FIG. 73 shows the dependency of in-plane uniformity on 
the glass substrate of the film formed polycrystalline silicon 
thin film on total gas flow amount. It will be understood that 
the in-plane uniformity is also improved as total gas flow is 
increased. . 

FIG. 74 shows the dependency of crystallite size ot tne 
film formed polycrystalline silicon film on total gas flow 
amount The crystallite size was calculated based on the 
scheller method using a Si peak width at half height obtained 
by an X-ray thin film method. It will be understood that 
crystallite size increases accompanying increase in total gas 
flow amount. 

FIG. 75 shows dependency of in-film hydrogen amount ot 
the film formed polycrystalline silicon thin film on total gas 
flow amount. Measurement of the in-film hydrogen amount 
was carried out using FT-IR, and is represented by relative 
values. It will be understood that accompanying increase in 
total gas flow amount removal of reaction by-products was 
promoted and in-film hydrogen amount was decreased. 

FIG. 76 shows the dependency of specific resistance of a 
film on total gas flow amount, in the case of P dopant with 
PH 3 added to a process gas of Xe and SiH 4 . Evaluation was 
carried out with the flow amount ratio of Xe:SiH 4 :PH 3 fixed 
to 100,000:1000:1, but it is not limited to these values. It will 
be understood that accompanying increase in total gas flow 
amount the specific resistance of the film becomes smaller, 
and the activation rate of the dopant is increased. The above 
effects were also conformed in the case of dopant using 
addition of hydrides such as AsH 3 and B 2 H 6 instead of PH 3 . 

As has been described above, using the present invention, 
by being able to uniformly expel a large flow amount, 
removal of reaction by-products is promoted and in-plane 
uniformity is improved, surface roughness is reduced, and it 
is possible to form a high quality polycrystalline silicon thin 
film having large crystallite size. 
(Embodiment 41) 

This embodiment shows a case where the present device 
is applied to a plasma CVD device for forming a Si 3 N 4 thin 
film on the substrate in a plasma device using a radial line 
slot antenna capable of uniformly supplying a large flow 
amount of gas. 

The structure of this device is the same as embodiment 32, 
and will be omitted. 

The Si 3 N 4 film can be used as a gate insulation film for a 
TFT etc, a LOCOS mask or as a passivation film, or the like. 
SiH 4 , Xe and N 2 are used as the source material gas, but this 
combination is not limiting. It is possible to replace Si 2 H 4 
with SiH 6 , to replace Xe with Ar and to replace N 2 with 
NH 3 . The ratio of SiH 4 :Xe:N 2 is set to 1:100:5. Microwave 
power was 1600 W, while pressure inside the process 
chamber was 300 mTorr, a total gas flow amount was 
changed from 300 seem to 3000 seem. ASiN x thin film was 
formed on a 300 mm glass substrate, and the uniformity and 
withstand voltage of the film were measured. Substrate 
temperature was set to 300° C. 

This is just one example of the processing conditions for 
illustrating the effects of the present invention, but these 
conditions are not limiting. 

FIG. 77 shows the dependency of in-plane uniformity on 
the glass substrate of the film formed Si 3 N 4 thin film on total 
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FIG. 78 shows dependence of withstand voltage of the 
film formed Si 3 N 4 film on the total gas flow amount. 
Withstand voltage was measured by making a dedicated 
TEG. It will be understood that withstand voltage increases 
accompanying increase in total gas flow amount. 

FIG. 79 shows dependence of atomic level compositional 
ratio of Si to N in the film formed Si 3 N 4 film on the total gas 
flow amount. Measurement was carried out using X-ray 
photoelectron spectroscopy. It will be understood that 
accompanying increase in total gas flow amount, removal of 
reaction by-products was promoted and the atomic level 
composition of the Si 3 N 4 approached an ideal compositional 
ratio for Si and N of 3:4. 

As has been described above, using the present invention, 
by being able to uniformly expel a large flow amount, 
removal of reaction by-products is promoted and in-plane 
uniformity is improved, and it is possible to form a high 
quality SiN, thin film having high withstand voltage. 
(Embodiment 42) . 

This embodiment shows a case where the present device 
is applied to a plasma CVD device for forming a dielectric 
thin film having low fluorocarbon type gas on the substrate 
in a plasma device using a radial line slot antenna capable of 
uniformly supplying a large flow amount of gas. 

The structure of this device is the same as embodiment 32, 
and will be omitted. 

Description will be given for the case where a dielectric 
thin film having low fluorocarbon type gas is formed as an 
interlayer insulation film between wiring layer of a semi- 
conductor element. 

A wafer on which first layer AlCu wiring is to be patterned 
is introduced into a cluster tool. In this process, all process- 
ing up to formation of a second layer AlCu film is carried out 
by a cluster tool. This cluster tool is the same as embodiment 
6 and will be omitted. 

After loading, surface processing of the first layer wiring 
surface is carried out using a mixed gas of Ne/F2. Ne/F2 is 
introduced into this microwave device, plasma is generated 
inside the chamber, the wafer surface is bleached with 
plasma for about 5 minutes and fluoriding processing is 
carried out. A dielectric thin film having low fluorocarbon 
type gas is then formed on the wafer in the same chamber 
without a break in the processing. C 4 F 8 , H 2 , and Ar were 
used as the source material gas, but this combination is not 
limiting. It is possible to replace C 4 F 8 with CF 4 , to replace 
H 2 with and to replace Xe with Ar. The gas flow amount 
ration for C 4 F 8 , H 2 , and Ar was set to 1:1:5. The microwave 
power was set to 1600 W, the pressure inside the process 
chamber was set to 10-200 mTorr, and the total gas flow 
amount was changed from 500 seem to 3000 seem. Film 
formation was carried out on the wafer and the deposition 
rate and uniformity (of the deposition rate) were measured. 
The wafer temperature was controlled to 250 degrees. 

It goes without saying that the film formation conditions 
are not limited to those described above. 

FIG. 80 shows the dependency of the deposition rate of 
the film formed fluorocarbon film on total gas flow amount. 
It will be understood that if the total gas flow amount is 
caused to increase, the removal of reaction by-products is 
promoted, and deposition rate is increased, reaching 800 
nm/min or more. 

Also, FIG. 81 shows the dependency of in-plane unifor- 
mity of the deposition rate on the total gas flow rate. It will 
be understood that by sufficiently increasing the process gas 
flow amount improvement can be seen in the wafer in-plane 
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increase in total gas flow amount, the in-plane uniformity is 
also improved. 



As has been described above, by using the plasma device 
of the present invention, high speed and uniform film 
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formation is possible on a large surface area. Also, if film All the following processes, except for wafer cleansing 

formation for two wiring layers is carried continuously in and lithography processes were earned out using a cluster 

the cluster tool without a break in the process, it is possible tool. 

to manufacture a semiconductor having multiple layer wir- p a rt of the cluster tool is shown in FIG. 85. The charac- 
ing. 5 teristic of this cluster tool is that by connecting between each 

(Embodiment 43) process chamber using an Ar or N 2 tunnel, thin film forma- 

This embodiment shows a case where the present device tion can be carried out continuously under an extremely pure 

is applied to a plasma CVD device for forming a BST thin atmosphere without exposing the semiconductor, metal, or 

film [(Ba, Sr) Ti0 3 thin film] on the substrate in a plasma jn SU i a tor on the substrate to the atmosphere at all. Also, each 
device using a radial line slot antenna capable of uniformly 1Q process c h am ber achieves an ultra high vacuum state of the 

supplying a large flow amount of gas. ultimate vacuum of 10" 10 Torr, but at the time of conveying 

The structure of this device is the same as embodiment 32, ^ wafer a number of mTorr to several tens of Torr is 

and will be omitted. This process uses a BST film as an maintained usiog very pure M or N and contamination of 

insulating film of a capacitor wittnn a semiconductor * £ £ ^ qj c{Q fa 

element, ^^^^^J^^^ 15 prevented. Further, conveyance between each cluster is 

electrode of the capacitor up to lormation oi an upper r . » ' , . , NT , 

e ec ode, it carries out all processes except for lithography earned out using a port sealed encapsulated with N 2 or dry 

prising and wafer cleansing process inside a cluster tool. air, and wafer cleansing and lithographic processing is afco 

T*e features of this cluster tool are the same as embodiment carried out in an N 2 or dry air atmosphere, and it is possible 

6 and will be omitted. First of all, the substrate is loaded into to carry out processing that completely excludes all sorts of 

the cluster tool and a poly-Si lower electrode is formed. An 20 impurity elements from the atmosphere. 

Ru/RuO film is also formed. A BST film is formed without An SOI wafer from which an oxidation film in the vicinity 

a break in the process of the surface has been removed is loaded into the cluster 

In this example, Ba(DPM) 2 , 8^1^1^,^(1-003^)402 tool 6101. After loading, a Ta thin film is formed to a 

and Ar are used as the source material gas, but this combi- thickness of 1-50 nm with a plasma processing device using 

nation is not limiting and it possible to replace Ar with Xe. 25 a uniform horizontal magnetic field of the present invention 

Process gas comprising Ba(DPM) 2 , Sr(DPM) 2 , Ti(I- shown in FIG. 54. At this time, by controlling a high 

0C3H 7 ) 4 is introduced into the device from the gas inlet with frequency applied to the entire surface of the wafer, ion 

Ar as a carrier gas. Also, Ar and 0 2 are introduced into the irradiation energy is controlled and it is possible to obtam Ta 

process chamber at a ratio of 1:2, as additional gas. Micro- of desirable film quality. Next, the wafer was introduced into 

wave power was set to 1600 W and pressure inside the 30 the plasma processing device using the radial line slot 

process chamber was set to 10-200 mTorr, and additional antenna of the present invention shown in FIG. 53, plasma 

gas flow amount was changed from 500 seem to 3000 seem. oxidation was carried out in a Ar/He/0 2 , Xe/0 2 or Xe/He/0 2 

At this time, only the flow amount of the additional gas was atmosphere, only the Ta film formed in the previous process 

caused to change and processing was carried out without was oxidized and a tantalum oxide thin film 6001 was 

changing the supply condition for the BapPM)^ SrpPM) 35 obtained. The pressure at the time of plasma oxidation was 

Ti(I-0C 3 H 7 ) 4 Film formation was carried out on a 300 3-500 mTorr and the wafer was temperature controlled to 

mm wafer, and deposition rate and uniformity of the depo- 300-500° C. A Ta thin film 6002 constituting a gate elec- 

sition rate were measured. It goes without saying that the trode was also formed to a thickness of 0-1-2 //m with the 

film formation conditions are not limited to these described plasma processing device using the uniform horizontal mag- 

above 40 netic field of the present invention shown in FIG. 54. 

FIG 82 shows the dependency of deposition rate of the Consecutively, a CVD NSG film was formed to a thickness 

BST film on additional gas flow amount. If additional gas of 1-50 nm using the plasma processing device using the 

flow is increased there is a tendency for the deposition rate radial fine slot antenna of the present invention shown in 

to decrease. Also, FIG. 83 shows the dependency of in-plane FIG. 53. With this cap processing, it is possible to selectively 

uniformity of the deposition rate on the additional gas flow 45 form tantalum oxide only on the gate side surface, and it is 

rate It will be understood that by sufficiently increasing the easy to carry out etching processing at the time of forming 

process gas flow amount improvement can be seen in the contact holes on the gate electrode with a high selectivity, 

wafer in-plane uniformity, and in-plane uniformity of less Next, using the plasma processing device using the uni- 

than ±2% is achieved with a 300 mm substrate. form horizontal magnetic field of the present invention 

As has been described above, by using the plasma device 50 shown in FIG . 44, gate etching is carried out. The process for 

of the present invention formation of a uniform and high forming the barrier metal in this step is shown in detail in 

quality film is possible on a large surface area. Also, if film FIG. 85. By using this device, in-plane uniformity is high 

formation of UN as an upper electrode is carried out after even for a large diameter substrate, and fine processmg is 

BST film formation, it is possible to manufacture a capacitor possible. High purity ion injection is earned out in a self 
for use in semiconductor element. 55 aligned manner, and after activation annealing for 450-550° 

In this embodiment, poly-Si, TiN and Ru/RuO^ have C. a source drain region 6003 was formed (a). Oxidation was 

respectively been used as lower and upper electrodes of a carried out similarly to previously, as side wall 6004 

capacitor and a stacked electrode, but it goes without saying processing, using the plasma processing device using the 

that the present invention can also be applied in the case radial line slot antenna of the present invention shown in 
where Pt, Ta, W, Mo, Rh, In, InO^, TiSi. etc. are used. In this 60 FIG. 53(b). 

embodiment, a BST film has been used as a capacitor After Si0 2 of the Si surface has been removed by wet 

insulation film, but it goes without saying that the same etching, a Ta film is formed to 2-100 nm (c). Ta and S/D 

effects as in this embodiment are also obtained in the case section Si of the surface are made amorphous and mixed by 

where PZT or SrTi0 3 etc. are used. VI, and after that tantalum silicide 6006 is formed by 
(Embodiment 44) 65 annealing (d). After that, patterning is performed (e) and 

FIG. 84 is a cross section of a device manufactured using after Ta has been etched using the plasma processing device 

the present invention. using the uniform horizontal magnetic field of the present 
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invention shown in FIG. 44(f), a cap Si0 2 is removed by wet In this embodiment, a mixed gas of a carrier gasofAr, Xe, 
S te) After that, baVrier metal formation 6006 is etc. and N 2 is used as the nitr.dauon process gas, but it goes 
carried out (h) Next, the wafer was introduced into the without saying that the same effects can be obtained with 
plasma processing device using the radial line slot antenna this embodiment if a mixed gas of another earner gas and a 
o TSr^oTulention shown in FIG. 53, and plasma 5 nitride(for example NH 3 eU :,) is used as the 
nidation was carried out in an N2, Ar/N 2> or Xe/N 2 Ta is used in this embodiment m the upper and lower 
a moihere. Film thickness was 10-500 nm. The pressure at electrodes, but tt gc*s without saying that the 
thetimeofplasmaoxidationwasS-SOOmTorrandthewafer canbe obtamed^th emb<>d,ment ^^'^^ 
was temperature controlled to 300-550° C. RuO„ TiN, WN„ TaSI^ y , TiS Jjt N WsiJvT ete, or a 

Also a CVD NSG film 6007 is formed using the plasma to stacked electrode comprising these materials is used, 
processing device using the radial line slot antenna of the In this embodiment only tantalum oxide has been dealt 
Tre^lention she™ in FIG. 53, flattened by CMP, and with as a MOSFET gate insulation film and capacitor 
confac etching is carried out using the plasma processing insulation film, but i, goes without saying tha me same 
dev ce using the uniform horizontal magnetic field of the effects can be obtained w,th this embodimen a stacked 
present invention shown in FIG. 44. IS insulation film of tantalum ox,dc and Si0 2 or S. 3 N 4 , BST 

Capacitor formation is carried out by oxidizing a surface and PZT is used .... f„ r 

layer to 5-500 am after film formation of the lower Ta Si0 2 is used in this embodiment as a cap matenal for 
electrode 6008 to a thickness of 0.1-2/mi, forming tantalum MOSFETgate processmg.but itgoes without saying that he 
oxide 6009, and film forming the upper Ta electrode 6010 to same effects can be obtained with this embodiment if a 
0 1-2 iim. These processes are also carried out with the 20 matenal such as Si, or Si 3 N 4 is used, 
plasma processing device using the radial slot line antenna In this embodiment Ta oxidation is carried out as a 
andThe Xmt processing device using the uniform hori- MOSFETgate side wall process, but it goes without saymg 
zont 1 ma£eTc feld of the present invention. that the same effects can be obtained with this embodiment 

ZLTSlion of these elements, formation of Cu wiring if a sidewall is formed by using this process as a re-oxidaUon 
6011 is carried out and the device is completed. In the case 25 process and using a new NSG etc. 

where Ta nitride is used as barrier metal between the wiring, In this embodimen formation of TaN^ being barner 
Tproco^ for forming barrier metal on the gate electrode is metal, is carried out using Ta, but it goes without saying tha 
appSccordingly *e same effects can be obtained as m this embodiment ,f 

A tantalum oxide gate insulation FET or tantalum oxide TaSg"J y is formed usmg TaSy 
capacitor formed in this way was electrically evaluated. 30 TaN, is used in ttas embodiment as a barner metd but ^t 

FIG 86showsdistributionof a subthreshold coefficient of goes without saymg that the same effects can be obtained 
a tantalum oxide gate insulation MOSFET. A device having with this embodiment if a material such as TiN„ WN, 
only the gate insulation film formation using the plasma TaSLN y , TiSi.N or Wsi^ is used, 
device of The related art has a largely distributed subthresh- In this embodiment, a mixed logic type device has been 
old coefficient, but in the present invention high uniformity 35 manufactured, but lt goes without saying that he same 
lized effects can be obtained with this embodiment if a logic LSI 

K The initial failure rate of MOSFETs in the case of carrying or DRAM etc. are used independently of each other, 
out a process of forming titanium nitride formation, as (Embodiment 45) 

ba rter metat using the plasma device of the present FIG. 89 shows the expel characteristics of a turbo molecu- 
Svenuon, and the initial faLre rate of examples that used 40 lar pump expulsion ^ac^ies of 
the present invention, as well as samples after carrying out having exhaust rates of 220, 540 and ^00 Jsec at a tow 
heating tests for 24 hours at 700° C. in the atmosphere, are pressure reg,on, and expel charactenst.es in the case of expel 
shown in FIG 87. With the technique of the related art, with four pumps having an exhaust rate of 220 1/sec are 
initial failure rate at the wafer edge is low, but Cu used as shown. When the exhaust rate is not fixed by pressure, pump 
wiring material in this case diffuses into imperfect tantalum 45 inlet pressure and expel gas flow f^.^^^ 
nitride In the present invention, the entire surface of the From the drawing it wul be understood that in a high 
r h-uZ , w Fait,.*- rale pressure region exhaust rate is decreased accompanying 

"US I^ ZSTunZ^y of the capacitance of Lreased pLure. It will also be understood that compared 
a Untalum oxide c/pacitor. In the related art, there is a to a pump having a smaU exhaust rate, a pump havmg a large 
tendency for film thickness to increase in the radial 50 exhaust rate has a further decrease in exhaust rate from a . tow 
direction but with the present invention it is possible to pressure region. In a pump having a small exhaust rate of 
STi capacitance over the entire surface. 220 1/sec, substantially no «<™*™°^f<%™ 

In this embodiment, an SOI wafer is used as the starting observed at a low pressure region of 20-30 Torr for carrying 
wafer, but it goes without saying mat it is also possible to out etching processing. That is, a plurality of smal 1 diameter 
obtain the same results in this embodiment if a Si wafer, Si 55 pumps having small exhaust rate « 
epitaxial wafer, metal substrate SOI wafer, GaAs wafer or they can cause a larger flow amount of gas at a low pressure 
dLond wafer, or a substrate having a thin film of Si, region for carrying out normal semiconductor processing 
epical Si, GaAs or diamond formed on the surface of than a single large diameter pump having a high exhaust 
quartz, glass, ceramics or plastic etc. are used. rate. 

Ta is used as a MOSFET gate electrode in this 60 (Embodiment 46) 
embodiment, but it goes without saying that the same effects FIG. 90-FIG 92 are plan views showing .examples of the 
canbe obtained if n* polysilicon or p* polysilicon is used. plasma device of the present invention used as cluster tools 
h lis embodiment a mixed gas of a carrier gas of Ar, Xe, for carrying out continuous processmg by conveying 
He, etc. and O, is used as oxidation process gas, but it goes between vacuums. K .„, nH 
without saying that the same effects can be obtained with 65 FIG. 90 is a case where rectangular process chambers and 
this embodiment if a mixed gas of another carrier gas and an a rectangular wafer conveyance c ^ m *"™rZL?r&l' 
oxide (for example H 2 0, NO, etc.) is used as the mixed gas. Reference numeral 9001 is a wafer take in chamber, refer- 
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a gate valve. The process chambers 1 and 2are ; an y of £ 5 ^^^^Sl is a wafer take-in chancer, 

chambers disclosed in FIG. 44, or FIG 48-MU. 34. for ' „ 302 ^ f take-out chamber, refer- 

example, process chamber 1 is an etching chamber and ^^^^^ d ^ tK ^ ttmma 

process chamber 2 is a resist ashing chamber One o a ™«*™ m r conve y ance chamber, reference numeral 

plurality of wafer conveyance ports are provided mside the 6304 s a wafer > reference nuffleral 

wafer conveyance chamber 9005 and wafer delivery is 10 J f 1 ™^™ ^.'^ wafer conveyance 

carried out for the process chamber and the wafer take MM '^o^neTom wafer delivery between the wafer 

in/take out Cambers. mini9Illre nrocess chambers take-in chamber 9301, the wafer take-out chamber 9302 and 

In the example of FIG. 90, miniature process cnamoers withdrawal unit 9306a. The wafer conveyance 

are efficiently arranged, and the area that the cluster tool ^^^^J^SZx^y between the process 
occupies in the clean room is extremely small. It * possxble ,5 rob* 930 56 £™™ and me ^ M J a1 unite 

^ S)tm diameter wafer is 3.64 ^, which is aCK,ut >o the ,<* :» hj c^H e w^ ^ 

0.9 times the footprint of the smaljs, clust^o fora 200 out via the *fcr withdrawal 

zszzx to ;:: ssi as?- ^^s^rasass 

and a hexagonal wafer conveyance chamber are pnied ^ ^ chafflbers md each of the processes cham- 

together. Reference numeral 9101 is a wafer totem ^ ^ a ^ ^ ^ ^ to convey 

chamber, reference numeral 9102 is a water taKe-om shortened and throughput is increased, 

chamber, reference numeral 9103 is process chamber 1, F ^ ^4 ^ as^ture comprising a plurality of the wafer 
reference numeral 9104 is process cbamb. 2 ^ 

a resist ashing chamber connected process chambers. It is also possible to 

conduce porT Sf£ wafe^SncVc^belt finely minimi, t^e footprmtof the cluster too, for an 

hand, the footprint of the device becomes ^larger than J^^™^^^,, 950 1 can move in the 
the case in FIG 90. With the stature «J™^J 40 S^^ffZi. in the drawing, and a single wafer 

merela,edart.Tnewa^ 

m shape to a hexagon, and the number ot chambers ran & > ^ nee(J tQ 

nected to the wafer conveyance chamber * not hm.ted to ^^J^ lengtDened aD d it is possible that 

""FIG. 92 is for a case where triangular process chambers throughput will be lowered. 

and a hexagonal wafer conveyance chamber are joined Industrial Applicability. 

together. Reference numeral 9201 is a wafer take in 50 ^ ^ described above> according to the present 

chamber, reference numeral 9202 is a wafer take-out j t is possible to realize a plasma device capable of 

chamber, reference numeral 9203 is process chamber 1, forming a hign qua ii, y and uniform thin film over a large 

reference numeral 9204 is process chamber 2, and reference ^ an(J a( 1qw temperature . 

numeral 9205 is a wafer conveyance chamber The process ^ q{ ^ ^ 

chambers land 2 are any of the process chambers disclosed 55 ' ^ , processes, and can realize a 

in FIG. 44 or FIG. 48-FIG 54. For example, proems ^ which P me ans ma, it is also possible 

chamber 1 is an etching chamber and process chamber 2 is S reduce maintenance costs etc. 

a resist ashing chamber. . wha( ^ ciauned is- 

Since the number of vacuum IW » ^ff' * 1. A plasma device comprising: 

reduced compared to the cases of FIG. 90 and FIG. 91, and 60 P which be 

it is possible to widen a maintenance space of the device . On ^prLed and part of the inside being formed of a 

the other hand, the footprint of ^ device is sightly larger ^Sc plate made of material capable of trans- 
man in the case of FIG. 91 .With ,h< |*ucdued S mg Lcrowaves with almost no loss, 

£5£ 4°94 a m"w£ con^e chaX 7st, 6 5 a gas supply system for supplying essential source ma. 

STb I alSxagon, and the'number of chambers rial gas so as to cause excitation of plasma ms.de the 

connected to the wafer conveyance chamber is not limited to container. 
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an exhaust system for expelling said source material gas 
that has been supplied into the container and decom- 
pressing the inside of the container, 

an antenna, located facing an outer surface of the first 
dielectric plate and comprised of a slot plate and a 
waveguide dielectric, for radiating microwaves, said 
slot plate electrically in connection with said container 
and . 

an electrode for holding an object to be treated located 
inside the container, a surface of the object to be treated 
to be subject to plasma processing and a microwave 
radiating surface of the antenna being arranged in 
parallel substantially opposite to each other, and the 
plasma device carrying out plasma processing for the 
object to be treated, wherein, 

a wall section of the container outside the first dielectric 
plate is of a material comprising matter having a 
conductivity of 3.7xl(f Q-'mT 1 or more, or the 
inside of the wall section is covered with this 
material, and 

where thickness of the material is d, the specific con- 
ductivity of the material is a, the magnetic perme- 
ability of vacuum isfe and the angular frequency of 
microwaves radiated from the antenna is a>, the 
thickness d is larger than (2/^0^) - 

2 The plasma device as disclosed in claim 1, wherein the 25 
first dielectric plate is formed of a material having a dielec- 
tric loss angle tan 6 in said microwave frequency of less than 
SxlO" 3 - . , . . , . 

3 The plasma device as disclosed in claim 1, wherein a 
space is formed between the antenna and the first dielectric 30 

Pl 4 e *The plasma device as disclosed in claim 3, wherein a 
fine for supplying heat exchanging medium communicates 
with the space formed between the antenna and the first 
dielectric plate. . 35 

5. The plasma device as disclosed in claim 1, provided 
with means for cooling the antenna. m 

6 The plasma device as disclosed in claim 5, wherein a 
passageway is formed in said antenna waveguide, and a line 
for supplying heat exchanging medium communicates with ^ 
the passageway. a~a 

7. The plasma device as disclosed in claim 1, provided 
with means for cooling the first dielectric plate. 

8. The plasma device as disclosed in claim 1, provided 
with means for preventing warping of the slot plate. 

9. The plasma device as disclosed in claim 8, wherein a 4 
space is provided between the antenna and the first dielectric 
plate, and a plate composed of a flexible member is inter- 
posed in the space as means for preventing warping of the 
slot plate. . 

10. The plasma device as disclosed in claim 1, provided 
with means for detecting the presence or absence of plasma 
generated in the space device. 

11. The plasma device as disclosed in claim 1, provided 
with a mechanism for causing the temperature of a wall 
section inside the container and sections inside the container 
other than the object to be treated, to respectively rise to 

150 ° C , - , u • *u 

12. The plasma device as disclosed in claim 1, wherein the 

exhaust system is provided with a mechanism for causing 
the temperature inside all units comprising the exhaust 
system, to respectively to rise to 150° C. 

13. The plasma device as disclosed in claim 1, wherein the 
electrode having the function of holding the object to be 
treated has a mechanism for heating the object to be treated. 

14 The plasma device as disclosed in claim 13, wherein 
a xenon lamp is used as the mechanism for beating the object 
to be treated. 



15. The plasma device as disclosed in claim 1, wherein a 
mechanism for collecting and recycling fluorocarbon type 
gas is provided downstream of the exhaust system. 

16. The plasma device as disclosed in claim 1, wherein a 
film comprising A1F 3 and MgF 2 is formed on an inner wall 
surface of the container. 

17. The plasma device as disclosed in claim 1, wherein the 
electrode having the function of holding the object to be 
treated is provided with at lease one of a dc bias and ac bias 
applying means. . 

18. The plasma device as disclosed in claim 1, wherein 
said plasma device is a device for carrying out etching of a 
surface the object to be treated. 

19. The plasma device as disclosed in claim 1, wherein 
said plasma device is a device for causing direct oxidation 
of a surface of the object to be treated. 

20. The plasma device as disclosed in claim 1, wherein 
said plasma device is a device for causing direct nitridation 
of a surface of the object to be treated. 

21. The plasma device as disclosed in claim 1, wherein 
said plasma device is a device for causing a thin film to be 
deposited on the object to be treated. 

22. A plasma device comprising: 
a container, the inside of which can be internally 

decompressed, and part of the inside being formed of a 
first dielectric plate made of material capable of trans- 
mitting microwaves with almost no loss, 
a gas supply system for supplying essential source mate- 
rial gas so as to cause excitation of plasma inside the 
container, 

an exhaust system for expelling said source material gas 
that has been supplied into the container and decom- 
pressing the inside of the container, 
an antenna, located facing an outer surface of the first 
dielectric plate and comprised of a slot plate and a 
waveguide dielectric, for radiating microwaves, and 
an electrode for holding an object to be treated located 
i inside the container, a surface of the object to be treated 
to be subject to plasma processing and a microwave 
radiating surface of the antenna being arranged in 
parallel substantially opposite to each other, and the 
plasma device carrying out plasma processing for the 
; object to be treated, wherein, 

a wall section of the container outside the first dielectric 
plate is of a material comprising matter having a 
conductivity of 3.7xl0 7 Q'^nT 1 or more, or the 
inside of the wall section is covered with this 
material, 

where thickness of the material is d, the specific con- 
ductivity of the material is a, the magnetic perme- 
ability of vacuum is p& and the angular frequency of 
microwaves radiated from the antenna is co, the 
thickness d is larger than (2/^aa)) 1 ' 2 , 
a first O ring is located between an inner surface of the 
first dielectric body and a wall section of the con- 
tainer; and 

a thin film formed of a conductive material is provided 
on at least a surface of the first dielectric plate 
coming into contact with the first O ring, as means 
for preventing the first O ring from being directly 
exposed to microwaves radiated from the antenna. 
23. The plasma device as disclosed in claim 22, wherein 
said thin film is formed from a material having a conduc- 
tivity of at least 3.7xl0 7 Qr^m'\ and has a thickness of at 
least 10 /on. 
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24 A plasma device comprising: 

a container, the inside of which can be internally 
decompressed, and part of the inside being formed ot a 
first dielectric plate made of material capable of trans- ^ 
mining microwaves with almost no loss, 

a gas supply system for supplying essential source mate- 
rial gas so as to cause excitation of plasma inside the 
container, 

an exhaust system for expelling said source material gas 1Q 
that has been supplied into the container and decom- 
pressing the inside of the container, 

an antenna, located facing an outer surface of the first 
dielectric plate and comprised of a slot plate and a 
waveguide dielectric, for radiating microwaves, is 

an electrode for holding an object to be treated located 
inside the container, a surface of the object to be treated 
to be subject to plasma processing and a microwave 
radiating surface of the antenna being arranged in 
parallel substantially opposite to each other, and the 20 
plasma device carrying out plasma processing tor trie 
object to be treated, wherein, 

a wall section of the container outside the first dielectric 
plate is of a material comprising matter having a 
conductivity of 3.7xl0 7 Q" 1# m -1 or more, or the 25 
inside of the wall section is covered with this 
material, 

where thickness of the material is d, the specific con- 
ductivity of the material is a, the magnetic perme- 
ability of vacuum is/^, and the angular frequency of 30 
microwaves radiated from the antenna is co, the 
thickness d is larger than (2/yMoacx)) 3 , 
a first O ring having a vacuum sealing function is 
located between an inner surface of the first dielec- 
tric body and a wall section of the container; and 
a thin film formed of a conductive material is coated on 
the surface of the first O ring, for preventing the first 
O ring from being directly exposed to microwaves 
radiated from the antenna 



where thickness of the material is d, the specific con- 
ductivity of the material is o which is more than 
3.7xl0 7 Q" 3 *m _1 , the magnetic permeability of 
vacuum is and the angular frequency of micro- 
waves radiated from the antenna is co, the thickness 
d is larger than (2/ J u 0 aa)) 1 ' 2 , 
wherein a second dielectric plate having a gas inlet for 
substantially uniformly supplying desired gas is pro- 
vided between the first dielectric plate and the elec- 
trode for holding the object to be processed. 

27. The plasma device as disclosed in claim 26, wherein: 
a second O ring having a vacuum sealing function is 

located between an inner surface of the second dielec- 
tric body and a wall section of the container; and 
a thin film formed of a conductive material is provided on 
at least a surface of the second dielectric plate coming 
into contact with the second O ring, as means for 
preventing the second 0 ring from being directly 
exposed to microwaves radiated from the antenna. 

28. The plasma device as disclosed in claim 26, wherein: 
a second O ring having a vacuum sealing function is 

located between an inner surface of the second dielec- 
tric body and a wall section of the container; and 
a thin film formed of a conductive material is coated on 
the surface of the second O ring, as means for prevent- 
ing the second O ring from being directly exposed to 
microwaves radiated from the antenna. 

29 The plasma device as disclosed in claim 26, wherein 
the second dielectric plate is formed of material having a 
dielectric loss angle tan 5 in said microwave frequency ol 

less than 5xl0" 3 . . 

30 The plasma device as disclosed in claim 6, provided 
35 with means for generating a pressure difference so that a first 

pressure of the first space between the first dielectric plate 
and the second dielectric plate is 1000 Pa or higher than a 
second pressure of the second space, in which the electrode 
. . 5. * « • . i * ~*<,a i c irt^atArl and which IS 



radiated from the antenna. . for holdin g the object to be treated is located, and which is 

25. The plasma device as disclosed in claim 24, wherein 40 surrounded by lhe ^nd dielectric plate and a wall section 

said metallic thin film is formed from a material having a c t1 _ tn . nor rt#lipr than the ^cond dielectric plate. 

conductivity at least 3.7xl0 7 Q'^m'\ and has a thickness 



of at least 10 /im. 

26. A plasma device comprising: 
a container, the inside of which can be internally 
decompressed, and part of the inside being formed ol a 
first dielectric plate made of material capable of trans- 
mitting microwaves with almost no loss, 
a gas supply system for supplying essential source mate- 5o ^~" pU ^ or are not provided at all. 
rial gas so as to cause excitation of plasma inside tne ^ ^ d&y{cc ^ disclosed i 



of the container other than the second dielectric plate. 

31 The plasma device of claim 30, the antenna being 
provided with a slot plate functioning as a microwave 
radiating surface, and slot sets comprising holes penetrating 
the slot plate at a plurality of fixed locations wherein, at 
portions where the density of plasma generated in the space 
is locally higher than other portions, the slots either have a 
smaller diameter than at other portions, are screened by a 



container, 

an exhaust system for expelling said source material gas 
that has been supplied into the container and decom- 
pressing the inside of the container, 

an antenna, located facing an outer surface of the first 
dielectric plate and comprised of a slot plate and a 
waveguide dielectric, for radiating microwaves, said 
slot plate electrically in connection with said container 
and 

an electrode for holding an object to be treated located 
inside the container, a surface of the object to be treated 
to be subject to plasma processing and a microwave 
radiating surface of the antenna being arranged in 
parallel substantially opposite to each other, and the 65 
plasma device carrying out plasma processing for the 
object to be treated; 



60 



32 The plasma device as disclosed in claim 26, wherein 
means for introducing heat exchanging medium is connected 
into the space surrounded by the second dielectric plate and 
a wall section of the container other than the second dielec- 
tric plate. 

33. A plasma device comprising: 
a container, the inside of which can be internally 
decompressed, and part of the inside being formed ol a 
first dielectric plate made of material capable of trans- 
mitting microwaves with almost no loss, 
a gas supply system for supplying essential source mate- 
rial gas so as to cause excitation of plasma inside the 
container, 

an exhaust system for expelling said source material gas 
that has been supplied into the container and decom- 
pressing the inside of the container, 
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an antenna, located facing an outer surface of the first 
dielectric plate and comprised of a slot plate and a 
waveguide dielectric, for radiating microwaves, and 
an electrode for holding an object to be treated located 
inside the container, a surface of the object to be treated 5 
to be subject to plasma processing and a microwave 
radiating surface of the antenna being arranged in 
parallel substantially opposite to each other, and the 
plasma device carrying out plasma processing for the 
object to be treated, wherein, 10 
a wall section of the container outside the first dielectric 
plate is of a material comprising matter having a 
conductivity of 3.7xl0 7 ST^m -1 or more, or the 
inside of the wall section is covered with this 
material, and 



Bl 

58 

where thickness of the material is d, the specific con- 
ductivity of the material is a, the magnetic perme- 
ability of vacuum is ^ and tne angu lar frequency of 
microwaves radiated from the antenna is to, the 
thickness d is larger than 1/2 , 

wherein a second dielectric plate having a gas inlet for 
substantially uniformly supplying desired gas is pro- 
vided between the first dielectric plate and the elec- 
trode for holding the object to be processed, 

and a width of a first space between the first dielectric 
plate and the second dielectric plate is less than 1.0 
mm and uneven thereby forming a gas passage. 
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ABSTRACT 



A plasma processing apparatus and method of processing a 
specimen by a plasma. The method and apparatus includes 
independently controlling a density distribution of the 
plasma. 

4 Claims, 11 Drawing Sheets 
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FIG. 9 
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METHOD AND APPARATUS FOR PLASMA 
PROCESSING APPARATUS 

CROSS REFERENCE TO RELATED 

APPLICATION 5 

This is a divisional of U.S. application Sen No. 08/649, 
190, filed May 17, 1996, now U.S. Pat. No. 6,034,346 the 
subject matter of which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 10 

The present invention relates to plasma processing meth- 
ods and apparatus, and more particularly to a plasma pro- 
cessing method and apparatus fit for processing a specimen, 
such as a semiconductor substrate (hereinafter called a 15 
"wafer"), by generating a plasma using a microwave and a 
high-frequency wave in the frequency range of 10 to 100 
MHz. 

In the case of apparatus in general for generating a plasma 
by introducing a microwave into a process chamber, the 20 
uniformity of plasma density distribution above a wafer 
surface to be treated is particularly important in securing a 
desired uniformity of processing, such as etching. In order to 
deal with this problem, there has been proposed a method of 
radiating a microwave in a ring-like shape from the top 25 
surface of a process chamber to generate a ring-shaped 
plasma, so that uniform plasma distribution is obtained on 
the surface of a wafer, as mentioned in, for example, 
Document A, "The Japan Society of Applied Physics, 1994, 
Autumn, 19p-ZV-4" or Document B, "The Japan Society of 30 
Applied Physics, 1994, Autumn, 19pZV-6 This is because 
the plasma tends to diffuse as it is moved from its originating 
place in the direction of the wafer. Although a desired 
uniformity of the etching rate itself is ultimately required, it 
may be desirable for the apparatus also to have a density 35 
distribution adjusting means, since the plasma density dis- 
tribution is concave or convex, rather than a uniform dis- 
tribution. 

Moreover, another means for generating a ring-shaped ^ 
plasma is described in, for example, Japanese Patent Laid- 
Open No. 112161/1994. 

On the other hand, an inductively coupled RF (high 
frequency) plasma source as representatively disclosed in 
Japanese Patent Laid-Open No. 79025/1991, has been in 45 
frequent use recently as a plasma source for CVD and 
etching. This plasma source has made possible not only a 
high density (10 J1 -10 12 cnT 3 ) but also a low-pressure (1-10 
mTorr) action equivalent to what is offered by a microwave 
ECR plasma source, though it is compact in construction. 50 
Even in this system, however, it is still required to provide 
a definite means for securing a desired plasma uniformity 
and to solve a problem arising from foreign matter produced 
by wall-surface sputtering, which will be described below, 
as in the case where a microwave is used. 55 

First, a description will be given of a problem concerning 
microwave plasma uniformity herein. The ring-shaped 
plasma radiation means according to the above-described 
Documents A and B has been arranged so that it is fit for use 
in producing a uniform plasma, but the ultimate plasma 60 
density thus attained thereby remains at a low level, such as 
3-10xl0 10 cm -3 and still fails to reach the following level 
which is industrially required 3-10" 11 cm -3 or greater. 

This is considered attributable to the fact that, in both the 
cases mentioned above, the absorption efficiency of a micro- 65 
wave has not been optimized, because a local magnetic field 
produced by a permanent magnet is employed at an outlet 
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for the microwave, nor has the design of a microwave 
transmission path for large electrical power to be transmit- 
ted. According to the above-referenced Document A, the 
introduction of a complicated three-dimensional structure 
into the plasma processing chamber may cause foreign 
matter to be produced. Japanese Patent Laid-Open No. 
112161/1994 describes an arrangement in which a coaxial 
waveguide is opened in a tapered shape, which results in 
rendering a microwave radiating portion large-sized. 

A description will subsequently be given of a problem 
concerning plasma uniformization and foreign matter con- 
trol in the case of a high-frequency wave. 

The aforementioned system (Japanese Patent Laid-Open 
No. 79025/1991) has presented problems, including the need 
for the inner surface of a vacuum chamber to be scraped 
down as a result of sputtering due to ion bombardment, thus 
increasing not only the production of foreign matter, but also 
increasing the frequency at which parts need to be replaced 
in the vacuum chamber; and, in addition, there is lowering 
of the plasma uniformity as the plasma tends to concentrate 
at the center of the chamber and so forth. 

In this case, the induction coil placed outside the vacuum 
chamber undergoes partial electrostatic coupling with the 
plasma, rather than the intended inductive coupling 
therewith, and ions are accelerated by this electrostatic 
coupling toward the inner surface of the vacuum chamber, 
whereby the sputtering of the inner surface is said to occur. 
Consequently, an attempt was made to remove the electro- 
statically coupled component by introducing an electrostatic 
shield, called a Faraday shield, between the induction coil 
and the vacuum chamber so as to suppress the sputtering. 
However, the effect of this arrangement is not perfect and 
there still remains a scraping problem because of the sput- 
tering: (e.g., Y. Hikosaka et al, "Free Radicals in an Induc- 
tively Coupled Etching Plasma," Jpn. J. Appl. Phys. Vol 133 
(1994) pp 2,157-2,163 Part 1. No. 4B, April 1994). 

In the system disclosed in Japanese Patent Laid-Open No. 
79025/1991, further, a plasma generating area over the 
whole top surface of the chamber and the aforementioned 
plasma diffusion effect have been combined to cause the 
plasma to be centralized. 

Moreover, another problem pertaining to the plasma pro- 
cessing apparatus (Japanese Patent Laid-Open No. 79025/ 
1991) has arisen from the ignitability and stability of plasma. 
When the induction system is used to ignite a plasma, it is 
necessary to form the top surface of the process chamber 
with dielectric material so as to introduce the magnetic flux 
generated by the induction coil into the process chamber. For 
this reason, the thickness of the dielectric material needs to 
be increased (i.e., in order to have vacuum force 
maintained), which results in sharply worsening ignitability 
and stability of the plasma as the distance between the 
induction coil and the top surface of the plasma is increased. 

A third problem is concerned with the fact that the 
structure makes it difficult to have a grounding electrode set 
in parallel and opposite to a specimen, since a thick dielec- 
tric material has to be employed. Although an attempt has 
been made to increase the processing accuracy normally by 
applying a high-frequency bias to a specimen-holding stage 
in the case of an etcher or CVD, the processing tends to lack 
uniformity in the absence of such a grounding electrode 
positioned in parallel and opposite to the specimen; that is, 
in a case where the grounding electrode is positioned on the 
side wall of the chamber, the length of the high-frequency 
bias circuit portion which is allowed to pass through the 
plasma differs between the center of the wafer and the outer 
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periphery of the wafer. Thus, the bias is unevenly applied to parallel-plate waveguide, an enlarged coaxial waveguide 

the wafer, and, especially when the wafer has a large and a microwave introducing vacuum window, 

diameter (8-* 12 inches), this problem becomes conspicu- Preferably, R 1? R 2 , R 3 , R 4 and b are selected so that a 

ous. small-diameter coaxial waveguide characteristic impedance 

A fourth problem originates from a variety of bad effects, 5 1^ (=601n(R 3 /R 4 ), R 3 : in-coaxial-tube conductor radius, R 4 : 
including an abnormal discharge resulting from the high out-of-coaxial-tube conductor radius) coincides with an 
input impedance of the induction RF coil, which makes the impedance Z 1 (=60b/R 3 , b: parallel disk distance) of the 
power supply terminal have a high voltage, an unstable disk-shaped waveguide at a junction with the disk-shaped 
discharge resulting from sputtering and improper matching waveguide, and so that an enlarged coaxial waveguide 
as electrostatically coupled components go on increasing, an 10 impedance Z% (-eOlm^/Ri-), R 2 : out-of-coaxial-tube con- 
impediment to the ignitability and so on. ductor radius, R a : in-coaxial-tube conductor radius) coin- 
cides with an impedance Z 1 (=60b/Rj) of the disk-shaped 
SUMMARY OF THE INVENTION waveguide at a junction with the disk-shaped waveguide. 

An object of the present invention is to provide a plasma Preferably, an outer diameter R 2 of the enlarged coaxial 
processing method and apparatus, which is capable of gen- 15 waveguide is smaller than an inner diameter R 5 of the 
eratmg a high-density plasma at an industrially required P«>cess chamber connected to the microwave vacuum win- 
level by generating a uniform plasma and simultaneously dow (J^Rs)- 

transmitting large electric power through compact, ring- * A^c * microwave has a &e 1 uenc y between 500 

shaped microwave radiation means and of adjusting the MHz and 5 GHz 

uniformity on a wafer surface. 20 Preferably, a plurality of microwave sources of different 

, , . c , j » . t frequencies are used at the same time. 

Another object of the present invention is to provide a ^ . , , . c . _ • 

/ J . , , < . h a i Preferably, a variable frequency microwave source is 

plasma processing method and apparatus so configured as to used 

prevent any foreign matter from being produced in a process USe preferab| fa , vacuum window nioDi a lasma 

chamber and which 1S capab e of adjusting uniformity on a n ' ^ ^ a n R< 

wafer surface; and more particularly to provide an electro- . * . , r . , r . „Vj *u Z. 

. « i j . • equivalent to a microwave radiating part is provided with a 

3^ |r u^ 

problems, associated with a high-frequency plasma, can be 1 a ^ field ^ or a permaDent magnet ^ 

solved simultaneously or partially: 3Q proyided by a portion Qther man ft pQrtion 

(1) improvement of sputtering reliability by removing ( Ri<R<R j equivalent to a microwave radiating part, 
electrostatically coupled components; Preferably, the discoid parallel-plate waveguide includes 

(2) setting of a plasma close to an RF antenna; ^ 0 small- and large-diameter ring-shaped opening portions 

(3) installation of an opposed grounding electrode; and and the enlarged coaxial waveguide is connected to each of 

(4) lowering of coil impedance. 35 the opening portions. 

To achieve the above objects, during plasma processing of Preferably, the enlarged coaxial waveguides include 
a specimen, the density distribution of the plasma is inde- means for varying microwave power distributed to them, 
pendently controlled. In reference to the aforesaid second object group, that is, 
Preferably, the density distribution of the plasma is inde- the provision of means for securing uniformity in a high- 
pendently controlled by a position adjustment of an ECR or 40 frequency inductive plasma and for removing wall-surface 
a magnetic field gradient. sputters, an electromagnetically coupled Rf antenna system 
Further, preferably, the density distribution of the plasma in place of an inductively coupled RF coil is employed 
is controlled on the basis of the kind of material of the according to the present invention. The RF antenna com- 
specimen. prises a central conductor for letting a high-frequency cur- 
Further, preferably, the specimen is uniformly processed 45 rent flow into a closed space surrounded with a conductor 
by independendy controlling a plasma density distribution, and a slit situated on one side of the closed space facing the 
a gas distribution and a bias distribution. plasma, the slit being ingeniously opened so as not to look 
To achieve the above objects, a plasma processing appa- directly at the plasma on the central conductor. The central 
ratus comprises a microwave introducing device, a magnetic conductor and the closed space form a cavity resonator for 
field coil for generating a static magnetic field, a process 50 electromagnetically creating a resonance condition. An elec- 
chamber for generating a plasma using an introduced tromagnetic wave leaking from the cavity resonator via the 
microwave, a gas supplying device for supplying a gas to the slit propagates into and generates the plasma. Such an 
process chamber, a specimen stage for holding a wafer, and electromagnetic coupling system using a resonant cavity 
a vacuum evacuating device for evacuating the process makes it possible to obviate completely and theoretically the 
chamber, the apparatus being characterized in that the 55 generation of an electrostatically coupled component com- 
microwave introducing device is arranged to transmit a monly observed in the prior art and to solve the problem of 
microwave in the coaxial TEM mode. sputtering and wall scraping, for example. At the same time, 
Preferably, a plasma processing apparatus comprises a a construction so designed so as to solve the four problems 
microwave introducing device, a magnetic field coil for enumerated previously can be attained through this coupling 
generating a vertical static magnetic field, a process chamber 60 system. 

for generating a plasma using an introduced microwave, a Preferably, the antenna system is to be installed not 

gas supplying device for supplying a gas to the process beyond but on this side of a dielectric window constituting 

chamber, a specimen stage for holding a wafer, and a a vacuum chamber. 

vacuum evacuating device for evacuating the process Preferably, a slit conductor is potentially switchable from 

chamber, the apparatus being characterized in that the 65 floating to a grounding potential and vice versa, 

microwave introducing device is equipped with a coaxial A plasma generation area will be located directly below a 

waveguide converter, a small-diameter waveguide, a discoid ring radiation source and a ring-shaped plasma will be 
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generated if a microwave in a coaxial ring-like shape is 
radiated so as to regulate the intensity (B=875 gausses when 
a microwave of 2.45 GHz is employed) of a static magnetic 
field for use in causing electron cyclotron resonance (ECR). 
Since the plasma diffuses, it is evenly distributed when it is 
conveyed to the wafer surface. 

If the intensity of microwave radiation from the respective 
ring-shaped sources is changed by altering the diameters of 
the coaxial rings or providing a double ring radiation source, 
the plasma uniformity may be varied. In other words, the 
plasma distribution will have a heavier concentration at the 
center of the wafer if the intensity of the radiation is 
strengthened on the inner peripheral side of the double ring 
radiation source and a heavier concentration on the outer 
periphery of the wafer if the intensity is strengthened on the 
outer peripheral side thereof. 

If an ECR position is lowered so that a microwave cannot 
be absorbed by a plasma immediately after the microwave 
leaves the ring radiator, the microwave strength distribution 
diffuses and is then absorbed by the plasma, so that the 
plasma uniformity above the wafer surface becomes vari- 
able. In other words, the uniformity can also be changed by 
changing the static magnetic field strength. 

In accordance with the present invention, when the ring- 
shaped microwave radiating source is installed on an atmo- 
spheric side via the vacuum introducing window, the like- 
lihood of the occurrence of foreign matter caused by the 
radiating source itself is eliminated. 

Since the ring radiator is employed, it is possible to install 
a wafer-opposed electrode in the central portion of the 
radiator. Specifically, a conventional type of ECR micro- 
wave plasma processing apparatus has a structure in which 
it is difficult to install an electrode at a position opposing the 
wafer, so that it is difficult to apply a high-frequency bias 
uniformly, but the present invention makes it possible to 
solve this conventional problem. In the central portion, it is 
possible to install a gas pipe for discharging a processing gas 
or a member for absorbing the excess radicals contained in 
a processing plasma (for example, a Si plate scavenger for 
fluorine radicals). 

If the microwave radiating source is installed at a position 
spaced away from the inner side wall of the plasma pro- 
cessing chamber, the plasma generation position does not 
directly touch the wall, so that it is possible to keep out 
foreign matter due to the accumulation of high-degree 
dissociated radicals or prevent damage to a side wall mate- 
rial. 

A high-frequency type plasma will subsequently be 
described. 

First, a detailed description will be given of the principle 
of the aforementioned electron) agnetically coupled plasma 
generation by reference to the drawings. 

FIG. 2(a) is a diagram illustrative of the principle of the 
invention. As shown in FIG. 2(a), an RF power supply 1 is 
connected via a matching box 2 to a loop antenna body 3. 
The loop antenna is surrounded by a cavity resonator 4 on 
all sides and slits 5 are opened in only the side which faces 
a plasma. As shown by a vertical sectional view of FIG. 2(b), 
two layers of slits 5 are alternately arranged so that they are 
not overlapped, whereby only the electromagnetic wave 
components radiated from the antenna can be propagated 
toward a plasma without making the antenna body 3 look 
directly at the plasma. A detailed description will further be 
given of this situation. In reference to FIGS. 2(a), 2(b), it is 
assumed that an alternating current I is caused to flow 
through an antenna conductor. A return current V passes 
through the side and back plates of the cavity resonator, 
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which are screwed down with screws, on its way back. (No 
current flows through the slits since no flow channel is 
formed therein). An alternating-current magnetic field H is 
created by the antenna current I and the return current I', and 

5 part of the magnetic field leaks out via the slits. Because of 
the magnetic field that has leaked outside, a ring-shaped 
electromagnetic field E and other electromagnetic fields (not 
shown) are successively formed on a plane perpendicular to 
the magnetic field, in accordance with the Maxwell's law of 

10 radio -wave propagation, and are transmitted in the direction 
of a plasma 6. Thus only the electromagnetic wave compo- 
nent radiated from an antenna chamber in a closed space is 
coupled to the plasma according to the present invention, 
and a spurious component, such as an electrostatically 

is coupled component and the like radiated from a single 
antenna body, is never radiated generally. As the sputtering 
of a structural member caused by abnormal discharge or 
abnormal ion acceleration is preventable, a reliable plasma 
source can be formed. 

20 Another (second) advantage of the closed space structure 
formed by the cavity resonator is as follows: Even though a 
metal conductor is installed in a space other than a closed 
one, the radiation of the radio wave toward the plasma is not 
essentially affected. When a conductor plate is inadvertendy 

25 placed close to the prior art induction coil, magnetic flux is 
blocked off at that place and the problem is that no plasma 
can be generated in this case. However, this problem is 
solvable according to the present invention; in other words, 
the structure according to the present invention is advanta- 

30 geous in that the opposed grounding electrode is readily 
installed. 

Still another (third) advantage of the closed space struc- 
ture formed by the cavity resonator is that the input imped- 
ance of an antenna is reducible. The antenna impedance of 
35 the prior art induction coil is roughly determined by the 
inductance L of the coil, which is turned out to be jcoL 
(co=angular frequency). In the closed space structure, the 
antenna module forms a kind of coaxial distribution constant 
fine and the impedance is given by the following equation: 

40 

C in this equation represents the capacitance between the 
central conductor and the inner wall of the cavity resonator, 
wherein C can be set greater; consequently, the impedance 

45 can be set smaller through proper structural design. 
Simultaneously, the value of L can be set smaller and the 
impedance can also be set smaller, since it is feasible to form 
the central conductor into a flat shape. Since this arrange- 
ment is based on a distribution constant system, the terminal 

50 impedance can be brought close to pure resistance on 
condition that the antenna length (effective) and the applied 
frequency are properly chosen, so that impedance matching 
is facilitated. According to the closed space structure formed 
by this cavity resonator, there is a further (fourth) important 

55 advantage. More specifically, the closed space structure 
demonstrates a definite effect resulting from securing plasma 
uniformity and this will be described by reference to the 
drawings. FIG. 3(b) shows an improved version of the prior 
art, which is readily presumable, wherein a method of 

60 winding the Rf coil has been changed in that peripheral 
winding is adopted, so as to generate a ring-shaped plasma. 
FIG. 3(c) refers to a cavity resonance system according to 
the present invention. 

As already described, the induced electric field E formed 

65 under the electromagnetic induction law is deviated toward 
the center since the pattern of a magnetic line of force H 
generated by each induction coil 3 is also deviated toward 
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the center according to the prior art arrangement of FIG. 
3(a), so that no uniform plasma can be produced. As shown 
in FIG. 3(6) then, it is possible to supply current to the coils 
3, which are now separated from each other but this is still 
unsatisfactory. Even when the coils are thus separated, the 
magnetic line of force H that has been formed passes 
through the center of the chamber, whereby a strong induced 
electric field E is still formed in the vicinity of the center. 
The magnetic line of force formed as shown in FIG. 3(c) has 
a different pattern. The presence of the cavity resonator 4 
surrounding an antenna conductor 3 has the magnetic line of 
force H confined within the cavity resonator and conse- 
quently the plasma generation area becomes ring-shaped 
directly below the antenna. In the course of isotropic diffu- 
sion onto the specimen wafer, the plasma is ultimately 
averaged and uniformized as anticipated. In other words, the 
cavity resonance system according to the present invention 
makes it possible for the first time to generate a ring-shaped 
plasma and irradiate a specimen uniformity with the plasma. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a partial front elevational view showing in 
longitudinal section a first embodiment of the present inven- 
tion. 

FIGS. 2(a) and 2(b) are diagrams showing the principle of 
the present invention. 

FIGS. 3(a), 3(b) and 3(c) are diagrams showing the 
principle of the present invention. 

FIGS. 4(a) and 4(b) are graphs showing plasma test 
results according to the present invention. 

FIG. 5 is a view similar to FIG. 1 showing the dimen- 
sional relationship of the present invention. 

FIG. 6 is a partial front elevational view showing in 
longitudinal section a second embodiment (1) of the present 
invention. 

FIG. 7 is a view similar to FIG. 6 showing a another 
variation of the second embodiment of the present invention. 

FIG. 8 is a view similar to FIG. 6 showing another 
variation of the second embodiment (3) of the present 
invention. 

FIG. 9 is a partial front elevational view showing in 
longitudinal section a third embodiment of the present 
invention. 

FIG. 10(a) is a side sectional view and FIG. 10(6) is a 
bottom plan view showing a fourth embodiment of the 
present invention. 

FIG. 11 is a partial front elevational view showing in 
longitudinal section a fifth embodiment of the present inven- 
tion. 

FIG. 12 is a partial front elevational view showing in 
longitudinal section a sixth embodiment of the present 
invention. 

FIG. 13 is a partial front elevational view showing in 
longitudinal section a seventh embodiment of the present 
invention. 

FIG. 14 is a partial front elevational view showing an 
eighth embodiment of the present invention. 

FIG. 15 is a partial front elevational view showing in 
longitudinal section a ninth embodiment of the present 
invention. 

FIG. 16 is a partial front elevational view showing in 
longitudinal section a tenth embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
The present invention will be described below by refer- 
ence to an embodiment. FIG. 1 is a partial front elevational 
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view showing in longitudinal section a plasma processing 
apparatus according to one embodiment of the present 
invention. In FIG. 1, a microwave is transmitted through a 
waveguide Al and transfers to a coaxial TEM mode in a 
5 coaxial waveguide converter A2 before being conducted 
through a small-diameter coaxial tube A3. The microwave 
leaves the coaxial tube A3 and transfers to a parallel disk 
waveguide A4. After having radially enlarged, the micro- 
wave transfers to a large-diameter coaxial tube portion A5 
10 and enters a process chamber A6. The process chamber is 
surrounded by electromagnetic coils A7 for generating static 
magnetic fields, thus forming an ECR plane A8. A plasma 
generating portion A9 assumes a ring shape corresponding 
to this ECR plane and the plasma is uniformized above a 
15 wafer installation electrode A10- In FIG. 1, reference 
numeral All denotes a vacuum sealing microwave intro- 
ducing window which is made of quartz or the like. FIG. 
4(a), 4(b) shows the result obtained by examining the 
condition in which a plasma is generated under this system. 
20 FIG. 4(a), 4(b) refers to the consequence of two-dimensional 
distribution measurement on a saturated ion current density 
(equivalent to a plasma density directly above the wafer) at 
a position above the electrode (in FIG. 4(a), the ECR plane: 
79 mm above the wafer; and in FIG. 4(6), the ECR plane: 99 
25 mm above the wafer), wherein thorough uniformity or 
concave distribution is seen to become obtainable depending 
on the magnetic field condition. The current density thus 
obtained is as high as 10 mA/cm 2 or above in the case of a 
C 4 FB plasma and reaches the equivalent level required. The 
30 input microwave power was 1-2 kW and the waveguide was 
not overheated, for example. 

The dimensional specifications of such a microwave 
radiator will subsequently be described by reference to FIG. 
5. A small-diameter coaxial tube characteristic impedance 
35 Zo-50 Q, a parallel disk impedance Z 2 (R) and an enlarged 
coaxial portion impedance 2^ need to conform to each other 
so that the reflection of a microwave is prevented from 
occurring at each junction. The impedance Z 1 was newly 
derived as there was no publicly known document about it. 
40 The result is as follows: 

bZo Yq(KR) 

45 

where b: disk-to-disk distance, R: radial position, 70=377 fi, 
j: imaginary unit, Y x 2 : linear Hankel function of the second 
kind, and K=2ji/X; wave number, input wavelength. 
If KR>1, Zj(R) asymptotically approximates to 

50 

Z l (R)=ZJb!7jiR=6Qb/R 

The impedance 2^ of the enlarged coaxial portion is 
expressed as 

Therefore, the unknowns R lf R 2 , R 3 , R 4 and b may be 
determined so that Z 0 =Z 1 (R 3 ) and Z 2 =Z 1 (R 1 ) are obtained. 
FIG. 6 shows a second embodiment of the present inven- 
60 tion. It is desirable that plasma uniformity is made adjustable 
over the range of perfect uniformity to convex and concave 
uniformity. This means that the etching uniformity of a 
specimen to be processed is made controllable by the 
uniformity of processing gas and a high-frequency bias other 
65 than the plasma uniformity and that the plasma uniformity is 
set to be adjustable so as to cover the influence of any other 
uniformity determining factor to ensure that final etching 
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uniformity is secured. FIG. 6 shows an arrangement in also used as a vacuum boundary and coupled to the process 

which the ring radiation part is provided as two rings so that chamber body 12 with an O-ring 15. A cover 16 (made of 

a microwave is emitted from each of the inner and outer quartz, alumina ceramics or sapphire) is fitted to the front of 

peripheral rings. By changing the disk distance b and an the antenna module lest the plasma is directly exposed to 

opening diameter AR of the inner peripheral ring, the 5 heavy metal. In order to avoid the ignition of the plasma in 

distribution of power varies and so does the distribution of me ? avil y resonator in a vacuous condition, an exhaust port 

the microwave within the process chamber. To change AR, « 15 pwwded separately, and by means of differential 

a disk component A41 may be replaced. Otherwise, b may exhausting, the cavity resonator is kept under extreme 

be changed by operating a screw mechanism A42 from vacuum to P revenl discharging therein, 

above, as shown in FIG. 7, or a ceiling member A43 for the 10 In lhe fifth embodiment of the invention, as seen in FIG. 

parallel disk may be set to be variable by means of a plunger 12 > other secondary important effects are brought about, 

mechanism, as shown in FIG. 8. The system of FIG. 6 makes When the P lasma Processing apparatus is applied to etching 

it necessary to replace the parts each time the uniformity is or a s P utter CVD "> general, a high frequency 19 

changed. However, the waveguide is simpler and more of a s y stem differ f Dt from what 18 in ' ended for gyrating a 

reliable than those shown in FIGS. 7 and 8. Although the is P lasma * a PP hed 10 ,be specimen-holding stage to apply 

efficiency of adjusting the uniformity is conversely seltbias to ^ specimen so as to draw ions in the plasma 

improved in the examples shown in FIGS. 7 and 8, the onto lhe surface of a specimen perpendicularly for the 

movable parts located in the waveguide raises a reliability P"rpose of improving the specimen processing accuracy and 

problem at the time large power is passed therethrough. processing rate In the prior art, however, the distance 

FIG. 9 shows a third embodiment of the present invention, 20 between a high-frequency circuit and the center of the 

wherein an electrically conductive structure (Al or the like) specimen through the plasma differs from the distance 

is introduced on the bottom side of the parallel disk facing between me clrcnit ,he end P°^ 0D of th f S*™™ 

the process chamber A to form an electrode A13 which is because a conductor to be used as the opposed grounding 

opposed with respect to the wafer. This arrangement is electrode of the circuit of the second high frequency 19 

intended to improve the uniformity of high-frequency bias. 25 f °™s the mner side wall 12 of the process chamber; 

The use of Si or SiC for a member at this position allows the consequently, uniformity in processing has been unachiey- 

excess fluorine contained in the plasma to be absorbed, so able ^ff ^ impedance remains unequal. In order to 

that the underlying layer (Si) selectivity in an Si0 2 etching P»vent lack of uniformity in processmg, it is preferred for 

process is made improvable thereby. Aprocessing gas blow- a P""^ flat P late " llke grounding electrode to be placed 

ing mechanism A14 using this space is provided according 30 °PP 0Slte 10 the specimen. However, such an electrode could 

to the present invention in anticipation of processing gas n °t be P la <: ed in me wav stated above in the prior art because 

uniformity by utilizing a processing gas flow A15 from the «* inductively coupled high-frequency plasma intercepted 

central portion toward the peripheral portion. Moreover, a the induced magnetic flux . According to the present 

magnet (coil orpermanent magnet) or a magnetic body A16 invention, the antenna module and the metal ceding panel 18 

can be installed in this space and a magnetic-line-of-force 35 °^ me mner wall of the antenna module face the plasma via 

structure A17 is also disposed, as shown in FIG. 9, whereby a sufficiently thin cover 16, which is capable of functioning 

the plasma uniformity can be increased. as aD opposed grounding electrode set in parallel to the 

A description will subsequently be given of various wh ° l6 surface of the specimen, so thai processing uniformity 

examples of a high-frequency plasma system. FIGS. 10(a) * unproved. (Regarding the high-frequency circuit, the 

and 10(b) show a fourth embodiment of the present inven- 40 impedance of a capacitor element will be sufficiently low if 

tion. In FIG. 10(a), a process chamber 10 comprises a cover 16 15 thin Thus the conductor 18 cat , be made to 

cylindrical side wall 11, a quartz ceiling panel 12 and a Unction as a groundmg electee, men a high frequency of 

specimen- holding stage 13. Ring-shaped antenna modules 13 56 MHz is used as the second high frequency 19, for 

9 are placed on the surface of the quartz ceiling panel 12. example a cover of quartz not greater than 3 mm thick may 

The antenna module 9 includes a loop antenna 3, a cavity 45 be satisfactory). 

resonator 4, a slit 5 and the like. The radio wave 14 emitted ™ G 12 a sutth embodiment of the present mven- 

from the cavity resonator 4 is radiated as shown by an arrow "on. According to this embodirnent of the present invention, 

of FIG. 10(a), thus causing a plasma 6 to be generated. As an insulating spacer 20 formed of quartz, alumina ceramics 

the plasma diffuses, it becomes a uniform plasma over the or A* is inserted between the antenna body 3 and an 

whole surface of a specimen when it reaches the specimen- 50 antemla cxit 5 - ^ spacer is hermetically fitted with respect 

holdine staee 13 to tne caYltv resonator 4 or sealed under vacuum by means 

FIG. 10(b) is a bottom plan view taken from under the °f an °- rin 8- Consequently the differential exhausting 

antenna module 9, wherein part of a double-layer slit 5 is described with reference to FIG. 3 according to one embodi- 

removed to make the antenna body 3 visible. ment of tbe P™ invention can be dispensed with and the 

FIG. 11 shows a fifth embodiment of the present inven- 55 structure simplified, 
tion. In general, it is preferred for the distance between an According to this embodiment of the invention as noted in 
antenna module and a plasma to be shorter in the case of an *e summary of the invention, the antenna which brings 
electrode-coupled plasma in view of the ignitability of the ab ° ut an ° tber secondary effect constitutes a constant circuit 
plasma. According to the prior art, however, the electrostati- °f distribution and th.s makes it desirable to lower the 
cally coupled component simultaneously increases, which 60 impedance of the line with a view toward increasing the 
also poses a problem of abnormal ion acceleration, and cu "ent and lowering the voltage because coupling with the 
consequently the antenna could not be placed near the plasma is improved by increasing the current and because an 
nlasma abnormal discharge around the antenna is impeded by low- 
Since an electrostatically coupled component is never e ™S the volta S e - ™? impedance of the line is determined 
generated according to the present invention, the antenna 65 by the characteristic inductance L and characteristic capaci- 
can be set sufficiently close to the plasma and the ignitability tance C °f the line and is gl ven by the following equation: 
can thus be increased. In FIG. 11, tbe cavity resonator 4 is z-^+Q" 2 
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Since C is determined by the capacitance between the (3) abnormal discharge coupling originating from high 
antenna body 3 and the slit conductor 5, C can be increased antenna voltage can be obviated with increased stability 
and therefore Z can be decreased by setting the antenna body as well by easily ensuring matching since the antenna 
3 closer to the slit conductor 5 to the extent that discharge impedance can be lowered; and 
breakdown is not caused and the dielectric constant between 5 , , . r , . 
the antenna body 3 and the slit conductor 5 is increased; a (4) * 8 roundia § electrode can be formed in parallel to the 
dielectric spacer 20 made of quartz, alumina or the like may Specimen smce a conductor 15 P laceable eve ° m 
preferably be inserted between the antenna body 3 and the space surTOunded b V ante ™ a module, so that pro- 
slit conductor 5 for this purpose. cessing uniformity is improved. 

FIG. 13 shows a seventh embodiment of the present 10 What fc claimed & 

invention. According to this embodiment of the invention, 1 A P lasma processing method of processing a specimen 

the slit portion 5 of the cavity resonator 4 is replaced with bv a plasma generated utilizing a microwave introduced 

two sheets of cover glass 16a, 16b and Al or Au vapor fr° m an outer periphery of an upper face of a process 

deposition 16c is utilized for forming a slit pattern on each chamber, the process chamber having a gas supplied thereto 

sheet of cover glass. Thus, the slit conductors in FIGS. 11, 15 and the specimen being held in the process chamber, the 

12 can be disused with the effect of not only simplifying the method comprising the steps of independently controlling a 

complicated structure shown in FIGS. 11, 12 but also density distribution of the plasma in the process chamber by 

improving the reliability. position adjustment of an electron cyclotron resonance layer 

FIG. 14 shows an eighth embodiment of the present or a magnetic field gradient, 

invention. According to this embodiment of the invention, 20 2. An electromagnetically coupled plasma processing 

the antenna module 9 is mounted on a dome-shaped quartz mcth od of processing a specimen by a plasma utilizing an 

be -jar 21 The reason for the use of the dome-shaped electromagnetically coupled plasma processing apparatus 

bell-jar * that the thickness of such a bell-jar can be reduced includi a ^ chambe a ^ ^ * ^ ^ 

in view of the mherent structural strength thereof. The *u - *u V u . . - T 

j - • c u (| ■ i •< i i . • , me specimen in the process chamber, a gas introducer which 

adoption of such a thin-walled bell-jar results in improved 25 • ^i,,,.,^ • , ! \ . . 

ignitability of the plasma inasmuch as the coupling of the ** od ^ S as P rocess <* amber > and a plasma 

plasma with the antenna module is enhanced. generator, the method comprising the steps of arrangement 

According to the ninth embodiment shown in FIG. 15, a * leaSt tW ° MItenila modules m COQCentnc arcles > ™^ °f 

two antenna modules 9 are arranged in the form of concen- me antenna modules chiding a loop antenna for carrying a 

trie circles and are respectively connected to high-frequency 30 hlgh fre ^ J3c y wave > arranging a cavity resonator to sur- 

sources of different systems. The levels of currents flowing rouod ^ loo P antenna so as to form the plasma generator, 

into antennas 92, 96 and the relative phases are controlled by wherein and generating the plasma by utilizing the loop 

the high-frequency sources 191, 192 for driving the respec- antenna carrying the high-frequency wave so that a density 

tive antennas, whereby the distribution of the quantity of of tne pl^ma is independently controlled, 

ions reaching a specimen can be regulated since the position 35 3. A plasma processing apparatus comprising a process 

where the plasma is generated is controllable. chamber, a specimen holder which holds the specimen in the 

According to a tenth embodiment, as shown in FIG. 16, process chamber, a gas introducer which introduces gas into 

a quartz bell-jar 21 in the shape of a hat is provided and the the process chamber, and a plasma generator including a 

antenna module is installed on the side of the bell-jar. By microwave source which enables generation of the plasma 

forming the bell-jar into a hat shape, the wall thickness of at 40 by introducing a microwave from an outer periphery of an 

least the side portion of the bell-jar can be reduced with the upper face of the process chamber, wherein a density dis- 

effect of improving the coupling with the plasma. tribution of the plasma in the process chamber is indepen- 

As set forth above, according to the present invention, it dently controlled by position adjustment of an electron 

is possible to provide a method and apparatus capable of cyclotron resonance layer or a magnetic field gradient, 

meeting various requirements (plasma uniformity, unifor- 45 4. An electromagnetically coupled plasma processing 

mity controllability, the provision of opposed grounding apparatus comprising a process chamber, a specimen holder 

electrodes and so on) of the plasma processing chamber, which holds a specimen in the process chamber, a gas 

which is simple in construction. introducer which introduces gas into the process chamber, 

According to the present invention, further, an d a plasma generator, the plasma generator including at 

(1) abnormal discharge and sputtering resulting from the 50 least two antenna modules arranged in concentric circles, 
electrostatic coupling of the plasma with the antenna each of the antenna modules including a loop antenna for 
are obviated, which contributes to decreasing the carrying a high frequency wave, and a cavity resonator 
amount of foreign matter and improving long-term arranged so as to surround the loop antenna so that a density 
reliability; distribution of the plasma is independently controlled. 

(2) ignitability and stability of discharge are improvable 55 

since the antenna can be placed closer to the plasma; ***** 
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